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FOEEWOED 


There are many different views as to what is of most value 
in education, but there are few teachers who will not agree 
that it is good for every one to know his or her way about in 
the world in which we live. And this is what a book like 
this makes for. It is not only that some acquaintance with 
the ways of animals is interesting and enriching, a joy in 
leisure-times ; it is not only that even everyday Natural 
History is full of unsolved, brain-stretching problems which 
make it better than an unending serial story; there is a 
deeper value : that through a patient, precise, and sym- 
pathetic study of common animals we may reach a better 
understanding of ourselves and our place in Nature. 

One of our poets exclaims : 

‘ ‘ A poor life this, if full of care 
We have no time to stand and stare,” 

and the more we learn, the more profitable and the more 
delightful will our staring be. It will lead to a 

“ . . . love exceeding a simple love of things 
That glide in grasses and rubble of woody wreck.* 

And gradually we shall learn what cannot be learned in 
any other way. Towards this discovery this book is a good 
guide. I have used the first edition for many years and 
alwa^^s with pleasure and satisfaction, for the qualities of 
accuracy and lucidity are conspicuous, and one cannot help 
enjoying the fresh air through its pages ; there is a high 
standard of thoroughness and precision, but there is also 
sympathetic appreciation of the ways of living creatures. 

I wish the new edition the success it undoubtedly 
deserves. 

J. AETHUR THOMSON. 


Aicgust 1923. 
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PREFACE TO FIRST EDITION 


It is desirable, perhaps, to give some reason for adding 
another book on Natural History to the many that already 
exist, and to indicate in what way the book is intended to 
be used. 

The danger of the multiplication of small text-books is 
that they may conceivably be used in place of that first-hand 
investigation which must form the basis of all scientific work ; 
nevertheless, so long as the time allotted to Natural History is 
as limited as it is in the ordinary curriculum of school and 
college in this country, it is necessary to use to the best 
advantage the hours which teacher and pupils spend together, 
and I suggest that this time can at first be most profitably 
spent in practical work, during which the teacher directs and 
supplements the observations of the class, leading his pupils 
to reason about the facts they observe, and to record them by 
means of clear accurate drawings with brief explanatory notes. 

This method, however, leaves little time for ordinary note- 
making in which the facts are woven into a coherent whole 
that may be used for future reference and revision ; and it is 
partly for this reason that I venture to think there is room 
for such a book as this, which, as well as giving directions 
for the practical study of a number of different types of 
living animals, gives also a general account of their structure 
and life -history, and indicates their relationship to other 
creatures, so that they do not remain as isolated types in the 
student’s mind, but fall into place as representatives of the 
varied branches of the animal kingdom. It is, however, 
strongly recommended that the ^practical study should ahoays 
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p'ecede the reading of the chapter dealing loith the type under 
investigation. 

Ifc is hoped that this hook may he of use to pupils in the 
senior classes of secondary schools ; to the students of Nature 
Study in Training Colleges; perhaps also to those entering 
upon a systematic course of Zoology such as that in prepara- 
tion for University examinations, who may feel the need of 
some help in gaining a preliminary, first-hand knowledge 
of the living creatures which, in their academic course, they 
usually meet only as dead laboratory specimens ; and finally 
to those students, working alone, who may desire some guide 
as to what path to follow in the wide field of Natural History, 
and for whose sake numerous references are given to hooks 
where fuller information may he obtained. 

The book deals almost entirely with the habits and external 
structure of common British Invertebrate animals ; occasion- 
ally a few points of internal structure have been touched 
upon, either because a knowledge of them Avas necessary 
for the explanation of the external phenomena, or because 
they must be known before the relationships of the various 
types of animals described could be appreciated. • Microscopic 
structure is only given in a few of the first types, where it 
seemed to be desirable in order to illustrate some of the 
stages in the evolution of a more complex form of body 
from the simple unicellular form. 

The statement given above explains to some extent why 
this book has been published ; why it has been loritten is 
another matter — connected not so much with such things as 
examinations and the needs of classes of students, as with the 
delight of merely Avatching living things, of trying to trace 
out their strange life-histories, and then of comparing notes 
with Avhat other investigators have recorded. The author is, 
hoAvever, very conscious that in a book of this kind, which 
skims over such a Avide field, there Avill be many omissions, 
and also observations may be recorded in it AA^hich ought first 
to ha\m been further Amrified ; notification of errata or of facts 
elucidating doubtful points Avill therefore be most gratefully 
received. 

In conclusion, I aausIi to express my thanks to Miss Violet 
Sheffield for the skill and care AAuth Avhich she has carried 
out my directions in the preparation of the illustrations, an 
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exceptionally difficult task, as a very large number have been 
drawn from the living creatures in order to reproduce as far 
as possible their characteristic appearance in life. 

I am indebted to Messrs. Macmillan and Co. for permission 
to reproduce Figs. 34, 46, 55, 56, 57, 59, 62, 63, and 325 
from the Cambridge Natural History; Figs. 6, 7, 18, 26, 
30, 31, 58, 61, 64, 65, 111, and 129 from A Teo:t Book of 
Zoology by T. J. Parker and W. A. Haswell ; and Figs. 192 and 
206 from Aquatic Insects by Professor Miall ; also to Messrs. 
Cassell and Co, for Fig. 88 from The Outdooi' World by 
W. Furneaux, and Fig. 320 from Eyes and No Eyes by 
Mrs. Fisher ; to the Trustees of the British Museum for Figs. 
41, 119, and 135, taken from the Guides to the Museum; to 
Messrs. A. and C. Black for Fig. 155 from A Text Book of 
Zoology by 0. Schmeil ; to Messrs. Newnes for Figs. 136 
and 138 from Flashlights on Nature by Grant Allen; to 
Messrs. Methuen for Figs. 316 and 317 from The Bee 
People; and to the Columbia University Press for Figs. 337- 
341 from Ants by W. M. Wheeler. 

Finally, my heartiest thanks are due to Miss Collins, the 
Principal of the School of Nature Study and Gardening, 
Clapham, near Worthing, for the many beautiful specimens 
with which she has provided me ; to Miss M. E. Everett and 
Miss G. Eowland for their very valuable assistance in the 
criticism and correction of the proof-sheets; and to Miss 
Mary Bulkley for the careful Index which she has made. 

E. B. J. LULHAM, 
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In this second edition I have endeavoured to bring the book 
up to date, and have also added some fresh matter — e.g. the 
cLapter on Cephalopods, a few additional pages on Echino- 
derms, etc. There are also twenty-six extra illustrations, and 
appendices in which are given jiractical details as to how to 
aerate an aquarium and how to make suitable cases in which 
to keep ground-inhabiting creatures, such as Dor-beetles, 
Ants, Earwigs, etc. 

I am indebted to Mr. Hugh Main for ■ permission to 
describe his Sub terrarium and Eormicarium ; to the trustees 
of the Horniman Museum for the appendix on “How to 
Aerate an Aquarium ” ; to the authorities at the British 
Museum (Natural History), who have kindly given me in- 
formation on several points, and to the trustees, who allowed 
me to reproduce Figs. 103, 104, 107, 108 and 110 from the 
British Museum, Guide to the Fossil Invertebrates ; to Messrs. 
Macmillan for permission to reproduce Figs. 39, 102, 134, 
176, 350, from the Cambridge Natural History] Figs. 21, 42, 
100, 105, 106, 109, 162, from A Text Booh of Zoology by 
T. J, Parker and W. A. Haswell ; and Fig. 20 from Zoology 
for Secondary Schools in India by W. Rae Sherriffs ; to Messrs. 
Upcott Grill for Figs. 249 and 250 from British Dragon Flies 
by W. J. Lucas; -and to Messrs. Longman for Figs. 37 and 38 
from The Sea Shore by W. S. Furneaux. 

Also I thank Miss Mildred Bulkley for her skilled help in 
correcting the proofs and revising the Index. 

Finally, I wish to express my warm gratitude to Professor 
J. A. Thomson for the encouragement he has given me and 
his kindness in Avriting a “ForeAvord^^ for this new edition 
of the book. 

R. B. J. LULHAM. 

Aiigust 1923. 

The Froebel Educational Institu'J'e, 

Grove House, Eoehampton Lane, London. 
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PEEFACE TO EEPEINT, 1927 

In this reprint I have merely altered a sentence here and 
there in an endeavour to increase clearness of expression, and, 
in some cases, to correct errors or to bring the facts up to 
date in the light of recent investigations. 1 should like 
here to acknowledge with gratitude the assistance I have had 
from Dr. Fraser of University College, London, and Miss 
Hett of Bedford College, London, who have given me most 
helpful criticism on many points. 

E. B. J. LULHAM. 

Ategust 1927. 
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INTEODUCTION AND GENEKAL 
CLASSIFICATION 


Zoology (Gr. zoon^ animal ; logos^ discourse) is the study of 
animal life as distinguished from Botany (Gr. hoiane, a herb), 
the study of plant life, the two together forming the science 
of living organisms known as Biology. 

It is well to bear in mind from the first that these two 
branches of the tree of life, though bearing such markedly 
different forms at their apices, unite at their base; the animal 
and plant characteristics become merged together, so that in 
the simplest forms it is often difficult, if not impossible, to 
distinguish with certainty as plant or animal the little speck 
of living matter which constitutes the whole organism. 

General consider all the members of the animal 

Classification, kingdom known to us, the great vai'iety of them 
Nomenclature, jg remarkable, and, at the same time, no less 
remarkable is the fact that when we come to examine their 
structure closely we find they can be grouped in quite a small 
number of primary groups, with a peculiar type of structure 
characteristic of each ; these primary groups of animals are 
known as Phyla or sub-kingdoms. Most of these phyla con- 
tain an enormous number of forms which, though having 
certain underlying characters in common, in many ways dis- 
play great variety, and so we subdivide each phylum into 
Classes, the members of each class being alike in certain 
secondary characteristics which distinguish them from the 
other classes of the same phylum. 

Similarly we divide each class into Orders, each order into 
Families, each family into Genera, and finally each genus into 
S;pedes. The individuals included in one species will dis- 
play only those slight variations which we arc accustomed to 
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note amongst individuals of the same kind, variations wliich 
are not constant from generation to generation. 

Sometimes, however, these groups may still contain forms 
with so much constant variation of structure that further sub- 
division may be desirable; e.g. an order is very- often divided 
into suh-orders or tribes, and then these into families ; some- 
times it is even necessary to distinguish separate varieties of 
one species^ 

This system may be more clearly understood if we take a 
special example and attempt to classify it. Let us take, e.g., 
the common, well-known Large Cabbage White Butterfly. We 
know this butterfly by its size and colouring, the white wings 
being marked in a special way with dark-brown pigment 
(Fig. 168), and also we know its caterpillar by its special form 
and colouring (Fig. 164). There are other very similar white 
butterflies, e.g. the “Small White'' and the “Black-veined 
White," but these two are obviously different “kinds" of 
butterfly, as we say, for they differ slightly, but constantly, 
in size and in details of marking from the “Large White," also 
the habits and external appearance of their caterpillars are 
different ; hence, whilst popularly we call them all “ White 
Butterflies," we distinguish them as Large White, Small 
White, and Black-veined White. Such popular names, how- 
ever, vary in different countries, and so it is convenient to 
have Latin or Greek equivalents which are used by all 
observers, irrespective of locality. Scientifically, therefore, 
we include all these three forms in one genus, the genus 
Pier is, and we express our sense of the differences between 
them by giving each a specific name in addition. The Large 
White we call Pieris hrassicae, the Small White, Pieris rapae, 
and the Black- veined White, Pieris crataegi. This method of 
calling each kind or species of creature by a double name was 
introduced by Linnaeus, and it has proved a most convenient 
one. 

Now there are several other genera of butterflies that 
resemble Pieris in general form of wing, and in the general 
habits and form of caterpillar and chrysalis ; e.g. the Orange 
T\^P>\xttQv?iY{Eucliloecardamines) and the Brimstone 
rliamni) (see p. 249); these, therefore, although too dissimilar 
to be included in the same genus, are all grouped together in 
one family, the Pieridae Then again there are many different 
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families of butterflies which differ in minor points, but which 
are all alike in having club-shaped antennae, in holding their 
wings vertically when at rest, and in the general form of the 
pupa — characters in which they differ from those forms we 
call Moths, which have typically feathery antennae pointed at 
the tip, fold their wings horizontally over their backs when 
at rest, and have dark, oval-shaped pupae. On the other hand, 
Butterflies and Moths are alike in such important points as 
the structure of their mouth-parts, the presence of minute 
scales over the wing-surfaces, and in the complete meta- 
morphosis characteristic of their development ; they are 
therefore grouped together in the order Lepidoptera (Gr. le'pis^ 
scale ; pteron, wing), though butterflies are separated in the 
special sub-order Rhopalocera (Gr. rhopalon, club; Iceras^ horn). 

Then again, in the general structure of the body, in the 
number of legs present, in the possession of wings, and in 
their method of breathing, Butterflies and Moths (Lepido- 
ptera) resemble Beetles, Dragon-flies, Bees, Flies, and Cock- 
roaches ; all these forms, therefore, are grouped together in 
the class Insecta. 

Finally, Insecta resemble Spiders and Crustaceans (Lobsters, 
Crabs, etc.) in having a hard shelly covering to the otherwise 
soft body, and in having jointed limbs ; hence all these forms 
are included in the Arthropoda, one of the primary 

divisions of the animal kingdom.^ 

The position amongst animals which we assign to the 
Large White Butterfly may therefore be summarised thus : — 

Kingdom — A nim alio. 

Phylum — Arthrojioda. 

Class — Insecta. 

Order — Lepidojytera. 

Sub-order — Rhopalocera. 

F amily — Pieridae. 

Genus — Pieris. 

Species — brassicae. 

This scheme of classification is of course dependent on 
our present knowledge, and is provisional only. The aim 
of zoologists in making such a scheme has been to try to 


^ Only certaiT> of the obvious external characteristics have been considered 
in this classification, but it should be noted that it is based also on similarity 
of internal structure. 
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express what seem to be the natural relationships of the 
animals classified, so far as we can at present determine them 
with our still imperfect hnowledge of the course of evolution 
which has resulted in all the manifold forms of life on the 
earth. 

The twelve primary divisions, or phyla, of the animal 
kingdom at present recognised are : — 

1. Protozoa (unicellular microscopic forms). 

II. Porifera (Sponges). 

III. Coelenterata (Hydra, Jelly-fish, Sea-anemones). 

IV. Platyhelminthes (Flat-worms, Liver-fluke, etc.). 

V. Nematoda (Round-worms, unsegmented). 

YI. Annelida (Ringed Worms, e.y. Earthworm). 

YII. Echinodermata (Starfish, Sea-urchin, etc.). 

VIII. Polyzoa^ (Sea-mats, e.g, Flustra, Bugula, etc.). 

IX. Rotifera (AYheel Animalcules). 

X. Mollusca (Snails, Mussels, etc.). 

XL Arthropoda (Crustaceans, Spiders, Insects). 

XII. Chordata (all vertebrate animals). 

In the following pages, types of all these phyla will be 
described, with the exception of the last, the Chordata, the 
phylum which includes all Fishes, Amphibia, Reptiles, Birds, 
and Mammals, such a vast and important assemblage of forms 
that they are left for fuller treatment than is possible in this 
volume. 

^ The Polyzoa .should perhaps be united with the Brachioj'iods^ the Lamp- 
shells, in a phylum Molluscoidea, but in this book only the Polyzoa are 
described. 


OHAPTEE I 

PHYLUM I : THE PEOTOZOA 

The Protozoa arc the simplest animal forms known * in them 
the whole lAing body consists of a single speck of the jelly- 
like living substance, Protoplasm, the body being so minute 
as to be very frequently invisible to the naked eye. Be- 
cause of their simple delicate structure and their lack of 
special organs for carrying on the different vital functions of 
the body,^ these Protozoan organisms are able to exist only 
under special limited conditions, and are nearly all to be 
found living in water, fresh or salt, though some are parasitic 
in the tissues of other animals. 

In this group are included all the naked unicellular forms 
such as the freshwater Amoeba and Yorticella, and also those 
marine, forms such as Globigerina, which secrete round their 
bodies calcareous shells. 



Type : The Amoeba, or Proteus Animalcule. 

This simplest oL animals is unfortunately so small that a 
microscope is necessary for its examination. However, an 
understanding of certain points in its structure, and of its 
vital processes, is so helpful as a basis for the study of more 
complex forms, that it is well, if possible, to acquire some 
practical knowledge of it when beginning the study of 
different types of animal life. 

Amoebae are to be found very abundantly in the mud at 
the bottom of most ponds, but as each individual is at most 
only about y^th of an inch in diameter, a microscope with a 
high magnifying power is needed to render its structure visible. 

^ Recent researcli, however, reveals a much more complicated structuie 
than was formerly realised. 
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structure. 



When so magnified, it is seen as a round or 
more or less irregular body, of a semi-fluid con- 
sistency, the greater part of it being finely granular, whilst 

round the margin is a clear 
non - granular border. It is 
colourless or slightly greyish 
in tinge, but within the trans- 
parent body can be seen various 
opaque food particles which 
have been absorbed. The body 
continually changing its 


is 

shape, .sending out a process 
now in one direction, now in 
another, or, if touched, with- 
drawing all its processes, and 
becoming round in outline. 

The substance ‘ of which 
this body is formed is that 
Protoplasm of which Professor 
Huxley wrote as “The Physi- 
cal Basis of Life ^ for it is, the fundamental substance 
which is present in all living things, be they plant or animal, 
and which, so far as we know, alone renders possible the 
phenomenon which we call physical life. 

On carefully examining this protoplasmic body two struc- 
tures can usually be readily detected, embedded within it. There 
is a small, oval or round, darker mass known as the nucleus 
of the protoplasm. In chemical composition this is very 
similar to the rest of the living protoplasm, but it is denser, 
and it performs special important functions within the cell, 
controlling apparently the nutritive and reproductive processes. 

Then, after a little search, a clear round space can also be 
seen, which will disappear suddenly and then slowly form 


Fig. 1. — Amo^a loroicus. x 200. 

iiu, Nucleus; pseiulopodium ; con. 
vac, contractile vacuole; /. vac, 
food vacuoles. 


again, thus gaining the naifie of the contractile vacuole. When 
visible, the space is filled with a watery fluid ; when the 
vacuole contracts, this fluid is driven in radiating streams out 
of the protoplasmic body. 

Such a mass of living protoplasm with its nucleus is known., 
as a cellj and Amoeba is therefore said to consist of one cell, 
or to be unicellular. 

^ Lay Sermon in Collected MJssaySj vol. i. 
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Locomotion. 


The Nature chemical analysis the constituent elements 

of Proto- of which this protoplasm is formed can be 
plasm. determined. It consists of carbon, hydrogen, 
oxygen, nitrogen, and sulphui^, with minute traces of phos- 
phorus and other elements, but by no method of chemical 
synthesis yet known to us can we cause these elements to 
reunite to form living protoplasm once more. The secret of 
life is hidden from us."^ 

Such living protoplasm, however, exhibits certain definite 
phenomena which, though we know hot their ultimate origin, 
we learn to recognise as characteristic of life — ^the phenomena, 
namely, of irritability, or power to respond to stimuli, of 
movement, of absorption and digestion of food, of respiration 
and excretion of waste matter, and, finally, of growth and 
reproduction. Even such an apparently simple organism as 
Amoeba exhibits all these vital phenomena. 

In Amoeba, movement appears to consist of the 
■ streaming of ythe protoplasm towards one point, 
so forming a long process, the rest of the protoplasm gradually 
flowing after it in the same direction ; each such process is 
known as a pseudopodium or ‘‘ false-foot ” ; in this manner 
the Amoeba can make its way over the mud and debris 
amongst which it lives. 

Nutrition absorption of food takes place by a 

modification of the process of motion. Two 
pseudopodia are formed by the streaming outwards of the 
protoplasm, and these gradually surround the object desired, 
which consists usually of some very minute animal or 
vegetable organism. The processes fuse round the food 
particle, so that, together with a little drop of water, it is 
actually engulfed in the protoplasm, forming a “food vacuole.^’ 
The soft, soluble parts of the food are then dissolved, probably 
by some digestive juice secreted by the protoplasm, and so 
the food is rendered capable of absorption and assimilation, 
new protoplasm being built up from it. Undigested solid 
portions of food are got rid of by the simple flowing of the 
protoplasm away from thematter to be rejected, just the reverse 
process from that by which the food was at first engulfed. 


^ For account of experiments to illustrate the nature of protoplasm, refer 
to hivestigations on Ylicroscopic Foams and on Protoplasnij by 0. Biitschli, 


English translation by E. A. Minchin (A. & C. Black) (now out of print). 
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The protoplasm in a living body is in a constant 
state of change; new . protoplasm is continually 
being built up by the assimilation of food, and then this very 
complex compound breaks down again into simpler compounds, 
which are finally excreted from the body in gaseous or liquid 
form. One of the chief gaseous excreta is carbon dioxide. 
This is formed by the union of the carbon of the disintegrating 
protoplasm with the free oxygen which has been dissolved 
by the surrounding water from the air above, and has passed 
from the water into the protoplasm of the body. The carbon 
and oxygen combine in the proportion of one part of carbon 
to two of oxygQii to form carbon dioxide, the chemical 
composition of which is expressed by the formula COg. This 
gas is given off from the surface of the protoplasm and 
disperses, dissolving in the surrounding water. A change is 
therefore continually taking place in the gaseous contents of 
the water in which the Amoeba lives, the amount of dissolved 
oxygen lessening and being replaced by carbon dioxide. 
This oxidation of the carbon of the disintegrating protoplasm 
by the oxygen from the surrounding medium (be it air or 
water), and the resultant excretion of carbon dioxide, is the 
process known as Resj^iration : the essential nature of the 
process is the same in all animals and plants, though — 
owing to the complexity of the bodies of the higher animals 
— special organs have been evolved in them for facilitating 
the interchange of gases. 

v/The simpler nitrogenous substances, which are also formed 
when protoplasm disintegrates, probably accumulate in liquid 
form in the contractile vacuole, and are expelled from the 
body when this suddenly contracts. 

Growth ' assimilation of food is more rapid than 

and Repro- the disintegration of the protoplasm and the ex- 

duction. cretion of waste matter, then Growth results, but 
this is always limited in extent, the limit being probably 
reached when the bulk of the body is so great, compared with 
its surface, that any further enlargement of it would demand 
a greater increase in the absorption of oxygen and of food than 
is possible to the absorbent superficial layer. -^Having reached 
its full limit of size, the Amoeba proceeds to divide into two ; 
the nucleus first divides, and then the Avhole body lengthens 
out, the two daughter nuclei moving apart ; finally a constric- 
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tion appears in the protoplasm, which gradually deepens and 
separates it into two halves, each of which contains half of 
the original nucleus. In this way, by “simple fi^ion” of the 
parent organism, reproduction lias taken place. V 

Each daughter Amceba lives exactly as did the parent 
cell, finally dividing to form two new Amoebae, and so 
the life of the first individual never ceases, but becomes 
extended in the separate lives of its descendants. There seems 
no necessary natural end to the life of such a simple form, 
though death must frequently occur through an accident, 
such as the drying up of the necessary water environment or 
the digestion of^the Amoeba by another, higher form. 

‘-'^n Amoeba can live only under certain condi- 
^tage^ tions as to temperature, moisture, and air supply. 

If external conditions become unfavourable to its 
active life, it can protect itself by secreting from the superficial 
layer of its protoplasm a horny or chitinous substance, which 
hardens and forms a thin shell or “ cyst ” over it ; within this 
it can remain passive until conditions are favourable again, 
it then ruptures the cyst and resumes its normal activity. 
Before this, repeated division may occur within the cyst. 

Two Amoebae, on meeting, may fuse together for 
a time and then separate, and it is thought that as 
a result of the stimulus given by such fusion they 
afterwards carry on their separate lives more vigorously, for 
this is known to be the case in some other forms. 

From the above observations we see that this very simple 
unicellular form, which, though to a certain degree sensitive 
to external stimuli, has no definite sense perceptions and no 
organs of any kind, yet exhibits all the main phenomena of 
life. The very simplicity of its structure and meagreness of 
its requirements seem to further its success in the struggle for 
existence. 

Learning seems that an Amoeba can learn by experience, 

by for if it is given a grain of sand it will at first 
Experience. Q^gulf it as if it were digestible food matter, and 
this may happen several times in succession, but finall}^ it 
will ignore such a particle as if it had become aware that it 
was indigestible and useless.^ 

^ See also Dr. Jenaing’s experiments on the unicellular Stentor, quoted in 
Sttidy of Animal Lifc^ by J. A. Thomson 1917. 
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There are several species of Amoebae differing 
Genus and character of the nucleus and 

^ in other small points, but all so similar in their 

main characters that they are called by the same generic name, 
Aviceba. 

The species of Amoeba described above is Jmceha proteus, 
whilst another form, with shorter pseudopodia and several 
nuclei, is distinguished as Amoeba guarta. 


Unicellular Forms lohicli secrete a Shell 

Many forms closely allied to Amoeba have taken one step 

upward on the ladder of 
life, by acquiring the habit 
of secreting round their 
bodies a covering which 
is not temporary, as in 
the case of the Amoeba’s 
“ cyst,” but is permanent, 
and is of such a form that, 
whilst allowing all vital 
processes to continue un- 
checked, it serves as some 
slight protection to the 
soft protoplasmic body. 
These protective “ shells ” 
are usually of calcium 
carbonate (chalk), or of 
silica, and they are j^er- 
forated by one or more 
pores through which the 
protoplasm can freely 
project ; incidentally they 
exhibit a wonderful 
variety and beauty of 
form. 

Formation ^ these are shown in Fig. 2. The 

of Chalk special forms illustrated are all taken from sea- 
Rock. water forms, which, when alive, float freely in the 
water, but at death sink slowly to the bottom of the sea, 
where their chalky shells may accumulate, year after year, for 



Fig. 2. — Shells from a Chalk Formation. 
X 300. 
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many centuries, forming a thick layer, such as is now being 
deposited on the bed of the Atlantic Ocean where this is not 
at a greater depth than 12,000 feetd 

Such a deposit, owing to the continuous pressure of the 
ocean above, gradually becomes consolidated into a hard chalk 
rock. In many cases, after long ages, it has happened that 
such a rock has been raised above the sea-level by the 
gradual ehange in relative altitude of land and sea-bottom, 
with the result that the latter now forms a white chalk cliff or 
down, such as those to be seen along many parts of our coastsd 

Such chalk rock, if it should be exposed to extreme heat 
as Avell as pressure, such as might be produced by volcanic 
action, becomes crystalline, and the rock known as marble is 
formed. 

It is wonderful to think of the constant circulation of material 
that is always going on, and resulting in a continual change 
of the face of the earth. The rain drives down through the air, 
dissolving as it descends some of the very soluble gas carbon 
dioxide, which, owing to the respiration of all living things, 
is always present in the air. By virtue of the carbonic acid 
so formed, the water as it trickles through the earth is able to 
dissolve little particles of chalky material (calcium carbonate) 
and other solid substances present in the earth, and even to 
wear away hard solid rock. Finally tlie water with its dissolved 
matter may find its way into a river, and be carried far out 
to sea. Here the sun’s rays beat down on the surface of the 
water and draw the water-drops up again out of the ocean 
into the air, changing them from visible form to invisible, 
from liquid to gas or vapour. But it is the pure water alone 
that rises in the air; all that it carried has to be left behind, 
and so the sea accumulates an increasing amount of dissolved 
matter, and consequently tends to get salter and salter. The 
little, soft-bodied, unicellular organisms, however, which live 
in this salt water, need to make for themselves protective 
cases, and they have learnt to absorb the salt water and take 
from it some of the dissolved materials, from which the living 
protoplasm of their bodies is able to build up their little shells 

^ At a greater depth tlian this only siliceous shells are found, for the 
delicate calcareous shells become dissolved hy the carbonic acid in the water 
which has a greater solvent power at the increased pressure resulting from 
the greater depth below tlie surface. 

“ See Huxley on “A Piece of Chalk,” Collected Essays, vol. viii. 
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of chalk or silica, and in so doing they help to P^'^vent tlje 
t.0 dens. , V™v ”i.o.— 

s v”S'r«d “rs.SkS, ».y <>3 

fnd nd alin by the action of ^vater, be .vorn away and 
c^- ied back to ’the sea ; and so the cycle goes on. 


X „ 

y 


Unicellular Forms ivhich possess Cilia or Flagella. 

Other relations of the Amceba have f 

” “ rfLle oi«s of locomotion, con.Kt.ng of detate 


simple organs of 


h;ead 7 oY'protoplasin. known as “cilia” “ X 

sh), which project from the genera surface o the l^od , 
nd^bv their rapid vibration up and down propel the v hole 

iody forward in the water. Others have one ?X°4ich"lash 
n-oLses known as “flagella” {flagellum, o^vlnp), which lash 

;he water, sometimes with a wheeling motion. 



yiH 3 _ H , Bodo saltans ; B, Paramoecium. x 240 . 
nn' Nucleus’; nn", niicvo-nucleus ; coh. vac', ooutraclile vacuole forming; 
’ con. wc", contootile vacuole Jischarging. 


•,\ Some forms have a pair of such flagella, as in 

The Spring- Springing Monad Bodo saltans (or Heteromita 
ihg Monad. (|jg_ 3' a very minute form, found in 
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water in which organic matter has been allowed to deca3^ 
Others are covered by a continuous coat of cilia, as in the 
Slipper Animalcule Pammoecium (Fig. 3, B). This genus is 
The Sli er organised than Amoeba, for it has 

Animalcule^ more definite form and a special funnel-like 
depression at one point of the bod}’', through 
which alone food is absorbed, and which functions, therefore, 
as a mouth. Paramoecmm is an interesting organism to study. 
It is larger than most unicellular organisms, being just 
visible as a speck to the naked eye; a full account of it is 
to be found in most elementary text-books of zoology,^ and any 
further account of it will be omitted here, since Yorticella, the 
next unicellular form to be 

studied, amply illustrates the T • , ■ mcuth . 


complexity of differentiation 
and life -history possible in 
these simple forms ; also it 
is so very commonly met 
with by the student* of pond- 
life that a study of it is in- 
evitable. 


■JifM 


Tyn : Vorticella, the Bell 
Animalcule. 


Habitat. In examining 
Qeneral water - weeds or 
Appearance, other objects 
taken from a pond there are 
very frequently to be seen, ^ 
with the naked eye, minute, 
colourless, bell-shaped bodies, 
that constantly seem' to float 
away from the surface of the 
weed, and then, on the ^ ’ 
slightest vibration of the 
water, to be suddenly drawn 
back again by a delicate 
thread which contracts into a 
This organism is Yorticella, the 
^ See Mementary Biology^ 










Fig. 4. — VovticdH attached to a 
Water-weed. x 30. 

A partly e.xpanded bell ; I?, a contracted 
bell ; C, a bell dividing by simple 
fission; nu, macro - nucleus ; coa. me, 
contractile vacuole ; /. vac, food vacu- 
oles; co7i._/i6rc, contractile libreofstein. 


thick, spirally- coiled stallv. 
Bell Animal exile. 


by T. Jefiery Parker. 
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Structure. 


There are three chief points in which Yorticella is, seen at 
once to differ from Amoeba: it is permanently fixed by 
this contractile stalk ; the body does not exhibit the same 
curious irregular ehanges of shape as in Amoeba, for although 
the protoplasm contracts and expands, it never sends out 
irregular pseudopodia but keeps its definite shape \ and, 
finally, round the free margin of the “bell’’ there is a cii’cle 
of fine cilia which by their vibrations keep the sui rounding 
water in constant motion. 

For full investigation of the structure of the 
body a compound microscope will be needed. 
The Yorticella, still attached to the weed, should be 
mounted in a drop of water, carefully covered with a cover- 
slip, and examined under the low power of the microscope. 
It will then be seen that, though the body consists of one 
single mass of protoplasm, this protoplasm is differentiated in 
different parts of the body ; also it is surrounded externahy 
by a delicate, transparent, limiting layer, the cuticle, which 
was not present in Amoeba. 

In the “ bell ” itself the protoplasm is differentiated into 
an outer, denser, cortical portion, 
and a less dense central “medulla.” 
Lying in the medulla is a large 
horseshoe - shaped nucleus, the 
macro-nucleus, and also a small 
round nucleus, which seems speci- 
|f- nucleus ally concerned with the repro- 
ductive processes (see p. 17). 
At the free end of the bell the 
protoplasm is thickened to form 
a slight rim round the edge, and 
?iG. 5.— Optical ]\ragnifiecl Section within this, but separated from 
of Vovticella to illustrate the ^ depression except on 

union of Disc and Bell. 

one side, the protoplasm rises 
obliquel}^, forming the surface plate known as the disc (see 
Fig. 5). This disc looks rather like a lid hinged at one 
side, but it is really continuous with the protoplasm of 
the rest of the body. Just at the highest point of the disc 
there is, between it and the projecting rim of the bell, a 
deep tubular depression, which runs right down into the 
centre of the bell ; through this, food is passed into the 




con: VAC 
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protoplasm, and hence it is called the gullet^ and the open 
upper end of it is t\\Q, mouth. 

. . The food consists of minute particles of animal 

and vegetable matter, suspended in the surrounding 
water; it is driven into the mouth by the movement of the 
cilia, Avhich are attached in a continuous single row along 
the margin of the disc, round into the inner margin of the 
rim and down the gullet. The regular lashing of this spiral 
of cilia causes a little whirlpool in the water which is driven 
down the gullet, and small globules of water containing food 
particles pass into the protoplasm, forming small vacuoles, 
inside of which the food is digested. These vacuoles pass 
through the protoplasm, and finally once more reach the 
gullet, into which anj^ indigestible particles are ejected, to be 
carried away by the water. 

Here, as in Amoeba, there is a large contractile 
Excretion. Py means of whicli liquid excreta are got 

rid of. The process of Eesgnration takes place over the whole 
surface of the body. 

Response Vorticella is exceedingly sensitive to any con- 
to Stimuli, tact- stimulus ; directly it is touched the bell 
Movement, contracts, drawing down its disc and cilia, and 
becoming almost globular; at the same time, the ‘stalk con- 
tracts into a tight spiral (Fig. 4, JB), thus bringing the bell close 
down to the object to which the stalk is attached. The 
power of contractility of the stalk is concentrated in a special 
strand of protoplasm that can be seen in the extended stalk, 
running round inside the cuticle in a very open spiral (Fig. 
4, A), .On contraction this fibre becomes much shorter and 
thicker, thus drawing the coils of its spiral close together, and 
throwing the elastic cuticle into corresponding folds (Fig. 4, B). 

Such a differentiated portion of protoplasm, having this 
power of contracting in a definite direction, causing definite 
movements of the body attached to it, is essentially a musde, 
so that the “contractile axial fibre” of the stalk may be 
looked upon as a foreshadowing of the muscular system 
which becomes so complex in higher animals. 

Reproduc- As in Amoeba, Vorticella can reproduce by the 
simple fission of the body into two, the cleft 
beginning at the free surface, and spreading downwards 
to the base of the bell; the fission does not, however, 
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the parent stalk, 
develops a circlet 
of cilia near its 
base; it then breaks 
away and swims off, 
but finally settles 


involve the stalk. One of the two daughter bells, whilst 

still attached to 

E‘. I' 

Fig. 6 . — Vorticella. (After Saville Kent.) 

El, Tlie beginning of binary fission of a bell ; E", com- dowil, probably at 
pletion of the process ; E^, the barrel-shaped new somC distance from 
individual swimming away, x 30. 

comes attached by its basal end to some submerged object. 
It then loses its recently acquired cilia and its base elongates, 
forming a long contractile stalk ; thus it acquires its adult 
form. 

Besides this simple method of reproduction there is 
another, which is not in the first place a process of multi- 
plication, but a fusion of two individuals into one ; this 
fusion, which is known as conjugation, results, however, in 
increased vital activity and more rapid multiplication by 
fission (compare Amoeba, p. 9). 

. As a preliminary to the process of the con- 

onjuga ion. individuals, we find that a 

Vorticella loell divides into two unequal parts, and that 
before separating from the 
parent stalk one of these 
daughter bells may divide 
again into from two to eight 
parts. In either case the 
smaller zooid or zooids ‘so 
formed develop a basal circle 
of cilia, and become detached, 
free-swimming, barrel-shaped 
bodies (Fig. 7). 

After swimming for some 
time, one of these small bodies 
attaches itself near the base of 
the bell of a stationary Yorti- 
cella, and, after a complicated series of changes has taken 
place in the nuclei of the two, it is absorbed into the 
stationary bell, complete fusion of the protoplasm and of 



Fig. 7. — Vorticella. (After Saville 

Kent. ) 

Fi, A bell flividing to form one daughter 
bell and several microgametes (??!) ; 
Gi, early stage in the fusion of a 
microgamete (vi) and a macrogamete. 
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the smaller nuclei of the two bodies taking place (the large 
nuclei break up and disappear before fusion).^ 

Such a process of permanent fusion is known as conjugation^ 
and the conjugating bodies are called gametes. Since they 
are of two sizes, they are distinguished as the macrogamete 
and the microgamete, but in the case of Vorticella it is to be 
noted that the macrogamete is merely the ordinaiy Vorticella 
bell, whilst the microgamete is a specially differentiated body. 
After the conjugation, as has been already said, multiplication 
by simple fission goes on with increased activit3^ 

The differentiation seen in Vorticella between the large 
j^assive macrogamete and the small active microgamete is one 
that is retained in the female and male gametes of the more 
highly organised multicellular forms, where, however, the 
gametes do not consist of entire individuals, as is frequently 
the case in unicellular forms, but only of special cells differ- 
entiated in the body of each individual for the purpose of 
such fusion. The fusion, moreover, results in the formation 
of a new separate organism, arising from each of fused 
gametes (see Hydra, p. 30). - 

Occasionally Vorticella ma}^ surround itself with 
^ta^ge^ a protective “ cyst,^’ and remain dormant within it 
for some time, and such encystmentma}^ be folio wed, 
though only rarely, by the breaking up of the protoplasm 
within the cj^st into a number of small ovoid bodies known 
as spores.^ Each of these spores develops a single circlet of 
cilia and, breaking free, swims away, sometimes multiplying 
b}^ fission, but eventually settling down — as in the case of 
the free bells formed by simj^le fission — growing a stalk, and 
gradually becoming a normal individual with stalk, bell, disc, 
gullet, and all the other characteristics of an ordinary Vorticella. 
This is a simple case of develogmient, the term used to signify the 
gradual growth of the adult form from a germ unlike itself. 

^ ^ ^ In some closely allied forms — e.g. the common 

Forms freshwater Carchesium spectahile, in which the 
structure of each individual is very like that of 
Vorticella — when fission takes place, it involves the stalk 
also, to some extent, and further, the daughter forms or 

^ See Seville Kent’s Manual of the Infusoria, vol. ii. pp. 669 and 670 
(London, 1882). 

“ Allinann, Q.J.JM.S., New Series, vol. xii., 1872, p. 393. 
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zooids all remain attached to the parent ; in this ^ya 3 ^ a 
branching colony of forms results^ each individual, howevei’, 
being quite independent of the others, so far as all its vital 
processes are concerned (Fig. 8). In Carchesium all the 
individual zooids are similar in size and shape,' but in some 
other such compound organisms or colonies there is a distinct 
division of labour amongst the individuals, some being con- 
cerned only with the nutrition of the colony, whilst others 
are mouthless, have a basal circlet of cilia, and are concerned 
only with its reproduction and dispersal. These latter forms 
break awa}^ from the colon 3 q and after a free-swimming 
period settle down and develop into 
ordinary nutritive individuals, which 
by fission give rise to new colonies. 
Such a form, with two kinds of indi- 
viduals in the colony, is seen in the 
genus Zoothamnmm common in sea- 
water.^ 

In none of these colonies is the 
union of the individuals of the colony 
very vital, but we can readily imagine 
the separate cells becoming more and 
more closely united, and the division 
of labour amongst them becoming 
more complete, until the individual 
cells are no longer capable of life 
separated from the rest. The colony 
of more or less independent individuals would then have given 
place gradually to a single multicellular organism, in which the 
individualism of the separate cells has been subordinated to 
the life of the whole, thus rendering possible the higher type 
of the multicellular organism, such as we see exemplified in 
the freshwater Hydra, described in the next chapter. 

Classification of the Protozoa mentioned in Chapter 1. 

All these unicellular forms, whether they live isolated or in 
colonies, are included in the lowest phylum of the animal 
kingdom, the Protozoa. They are all clearly marked off from 
other animals by their unicellular structure. The group is a very 
large and varied one, and it is therefore divided into several 

1 For further details see T. J. Parker’s Elementary Biology^ Lesson xii. 



Fig. S. — A Colony of Ocvr- 
chesium speciahilc. x 30. 
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classes for convenience in studying, and these classes are again 
subdivided into sub-classes or orders. The forms mentioned in 
this chapter belong to four different orders. 

Amongst the Protozoa all those with blunt finger- 
Lobo^a* processes of protoplasm, like the pseudopodia of 

Amoeba, are included in the order Lohosa. 

Order 2. Those similar to the organisms described on page 
Foramini- 10 whose shells form chalk rock are known as the 
fera. Foraminifera^ for in them the protoplasm is enclosed 
in a calcareous shell, having in it a special foramen or aperture, 
through which the protoplasm can emerge. There may be one 
main aj)erture only, or there may be many smaller ones as well, 
and so we subdivide the order Foraminifera into the Imperforata — 
those with one main aperture but no small perforations — and the 
Perforata — those with many perforations besides the main aperture. 

^ , Those Protozoa which have no shell, but in which 

Order 3 . ^ 

Ciliata* outer part of the j^rotoplasm is rather denser than 

the inner, so forming a cortex (see Vorticella, p. 14), 

and which have also a band or uniform covering of cilia, are known 

as the Giliata, This order contains many most beautiful forms, 

common in pond water. 

Order 4 Finally, those which are like the Ciliata in the 
Flagellata ^ shell and presence of a firm cortex of 

protoplasm, but which have only one, or a few, large 
vibratile protoplasmic threads instead of many small cilia, are 
known as the Flagellata} 


Table oe Classification of Genera mentioned in 
Chapter L 


Phylum— PROTOZOA. 


Order I. Lobosa. Genus — Amoeba. 
Order II. Foraminifera. 

Sub-order 1. Imperforata. 


Sub-order 2. Perforata. 


Genus — Miliolina. 

' Textularia. 
Nodosaria. 
Lagena. 
Glohigerina. 
Calcar ina. 
E'ltlvimdina. 


General 


^ There are several other orders which are not mentioned here ; for an 
account of these, and for pictures illustrating the large variety of forms amongst 
the Protozoa, see the article “ Protozoa” by Professor Ray Lankester in the 
Encycloimidia Britannica, 
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Order III. Ciliata. 

r Vorticella. 

Sub-order 1. Peritriclia. GJeueraJ Carchcsium. 

(those with a single IZoothamninm. 

band of cilia). 

Sub-order 2. Holotricha. Genus — Paramoecium: 
(lliose wholly 
covered with cilia). 

Order IV. Flagellata. Genus — Bodo or Pletcro- 

inita. 

Differences between Unicellular Animals and Plants. 

It is often most difficult to draw a line between unicellular 
animal forms and unicellular plants, for amongst them we 
find the most primitive forms of each kingdom — the forms 
which we look upon as most closely allied to the common 
ancestor from which we suppose both animal and vegetable 
kingdoms to have arisen, along diverging lines of development. 
AVc should expect, therefore, as we approach the lower forms, 
to find those distinctions which are well marked in the higher 
organisms becoming less and less well defined, until we get 
forms of such mixed characters that we cannot say definitely 
that one is a plant and one is an animal. In sj^ite of this, 
however, we do find that there are certain characteristics 
which as a rule distinguish unicellular animals from uni- 
cellular plants, the chief of these being the different modes of 
nutrition of the two classes. 

Typical animals are dependent for their food 

A TlTTYl Q 1 ^ 

Nutrition organic substances formed by other 

animals or plants, and they take in this food usually 
in the solid form, the albumens and fats of which it is largely 
composed not being soluble in water, and digest it within 
their bodies by the action of a digestive juice secreted by 
the protoplasm ; hence animals need some special method of 
grasping and ‘‘swallowing” such solid food. If the proto- 
jffasm is not readily penetrable at any point, the cells must 
develop a special “mouth” and “gullet,” down which the food 
can be passed into the centre of the protoplasm, as in Vorti- 
cella ; and cilia or flagella or ]Dseudopodia must be brought 
into play to bring the food into the “mouth.” This mode 
of nutrition found amongst animal cells is termed holozoic. 
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Typical plant-cells, on tlie other hand, can 
Ni^riSon greater j)art of their food only when 

it is in the state of solution, but they are able 
to make use of simple mineral salts and of gases which 
animals cannot use for food. They absorb through their 
surface the simpler nitrates and other mineral salts dissolved 
in the water, but they obtain the carbon they need from the 
carbon dioxide in the air or dissolved in the water surrounding 
them. Within the plant-body the carbon is separated and 
caused to combine with the elements in the dissolved food 
which has been absorbed. Plants are only able to perform 
this process of obtaining and assimilating carbon from the 
air by virtue of the green jhgment cliloro]j]iyll, which is 
characteristically, though not invariably, present in them 
and absent in animals. Such nutrition, dependent on the 
presence of chlorophyll, is termed liolo]yliytic. 

Further, owing to the nature of the plant food and to 
its presence throughout the |)laut environment, it can be 
absorbed by the process of diffusion, through the whole 
surface of the unicellular organism, and tliere is no need for 
anj^ special organs for obtaining food, or for any mouth or 
gullet to convey the food to the centre of the protoplasmic 
body j hence the surface of the unicellular plant is usually 
more regular in outline and is completely surrounded by 
a permeable cell wall of the substance cellxilose^ which is 
secreted by the protoplasm. Such a cell wall is found in 
very few animal cells, the outer protective coat, when present 
in animal organisms, being formed generally of calcium 
carbonate (chalk), or of silica, or of a chitinous (horny) 
substance. 

Power of Locomotion is possessed by unicellular plants and 
animals alike, so that — although the presence or absence of 
this is a striking difference between the higher plants and 
higher animals, it cannot be looked upon as a distinguishing 
characteristic in the lowest forms. Again, a contractile 
vacuole is more usual in unicellular animals than in plants. 
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Practical Work on Protozoa 

1. Mount a drop of water containing AmcebaG^ on a slide and 
cover with a cover-slip. Examine under the low power of a 
microscope (Zeiss A gives a convenient magnification). From 
amongst the debris in the water an Amoeba may in time be seen 
emerging. Watch its movements, and draw it at intervals, showing 
a few of the various shapes it assumes. Examine under a high 
power, and find the nucleus, contractile vacuole, and food vacuoles. 
If possible, watch an Amoeba catching its food. Look for stages 
in division. See it contract as it touches any object. 

2. Examine a prepared slide of Foraminifera in which there 
are unbroken shells also mount a little of the dust rubbed from 
a piece of chalk rock and examine the broken fragments of shells 
in it. Sketch from the prepared slide a few typical shells, naming 
them, if possible, by reference to the article “ Protozoa ” in the 
Fncycloijcedia BritanniccC or some other book, such as The Fora- 
'ininiferaj by F. Chapman. 

3. Mount a drop of water in which a few decaying flower-stems 

have been left for a week, search for the rapidly moving Para- 
moecium. If these organisms are present, put a few shreds of 
cotton- wool across the water to check their movements, cover with 
a cover-slip and examine carefully, identifying the structures shown 
in Fig. 3, ‘ 

4. Examine water-weeds from a pond ; some may seem to have 
a delicate white fur on stem or leaf ; this very probably may be 
due to the presence of many Vorticellae^ or other, allied, organisms. 
Study all you can find, making sketches and notes. Identify where 
you can by the aid of the aritcle “ Protozoa referred to above. 

^ These can be obtained in Is. 6d. tubes, plus postage, from Mr. H. Jessop, 
30 Becmede Avenue, Kenton, Middlesex. 

“ May be obtained from AV. Watson & Sons, 313 High Holborn, London, 
or from Messrs. Flatters, Milborne k Co., 16 Church Road, Longsight, 
Manchester, or from any other dealer in microscope accessories. 
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PHYLUM IL : COELENTERATA 

This phylum includes all those multicellular animals in 
which the cells are massed closel}^ together, side by side, 
to form a two-la3mred body- wall, enclosing a sac-like cavitj^ 
with a single terminal aperture. The body is radially 
symmetrical, and definite organs and tissues are developed. 
Because of the stinging hairs which nearly all these forms 
can eject, they are popularly known as stinging animals^ or 
Lasso-throwers. ‘ Here are included the freshwater polyps, 
the marine seaweed-like zooph3^tes, jelly-fishes, comb-jellies, 
sea anemones and corals.^ 

Class I. : HYDROZOA 

Tgpe : The Hydra or Preshwater Polyp. 

This form, like most of those studied in the last chapter, 
is commonlj" found in pond water, but it is easily to be seen 
with the naked eye, for the body in some species, Avhen 
stretched out to its full length, is frequently as much as 
of an inch long. 

General Yke thread-like tubular body is usually attached 
Form. b}^ its lower closed end to some object in 'the 
water, a water-weed or piece of stick ; the free end nari’ows 
slightly, but is open, forming a definite mouth. At a short 
distance below the mouth there springs from the body a cii-cle 
of six to eight arms or tentacles^ which are hollow like the 
body, their cavities being merely continuations of that of the 
body. The whole body is very sensitive to touch, changing 
its shape very rapidly, so that from a long thread-like form 
with extended tentacles (Fig. 9 , A) it quickly contracts into 
^ For scientific classification sec pages 51 and 52. 
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a little rounded mass, with mere knobs to represent the 
tentacles (Fig. 9, 


Different 

Species. 


species ; 



The colour of the body varies in the different 
Hydra virulis is bright green, II, fusca a 
brownish colour, and H. vul- 
garis a lighter 3 ^ ello wish- 
brown. The two last species 
are also larger, and have 
usually six relatively long 
tentacles, reaching in H. fusca 
to several times the length 
of the body, whilst in IL 
virulis the usual eight 
tentacles, even when fully 
extended, are not as a rule 
as long as the body. 

Movement. ,, , , 

ally hxed to one 

spot, a Hydra can move from 
place to place, gliding along 
on the disc at the base of 
its body, or moving with an 
action rather like that of a 
“ looper ” caterpillar, throw- 
ing its body forward and 
Fig. ^.—TTyclm virulis ( x 10) attached to a holding firmly to some SUp- 
stick. port with its tentacles, then 

.4, A ruiiy-oxteiuicd individual which is budding, detaching the basal end and 

JJ, A contracted individual. i • -j i 

drawing it up close to the 
mouth and fixing it once more (see Fig. 10 ). In this way 
the creature can move along fairly rapidly. 


0 

# M 


Though usu- 




/q ^ B ^ 

Fig. 10, — Hydra virulis ^ showing successive positions wlien moving 
from A to B, 


Food. 


Ffydra feeds on minute water animals and plants 
which, when touched by the waving tentacles. 
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are seen to remain adliering to them. The tentacles then 
contract and bend inwards, carrying the food down to the 
mouth, whence it is passed into the bod 3 ^-cavity to be 
digested. The means b}^ which the tentacles hold the prey 
will appear when their detailed structure is investigated 
(see p. 27). 

Microscopic examining sections of the body or of a 

Structure tentacle under a microscope it can be seen that 
of the Body- body is multicellular. Every part of the 
body-wall is built uj) of two distinct layers of 
cells, an outer layer of smaller regular cells, which may be 
distinguished as the sJdii cells (Fig. 11 , B, s), and an inner layer 
of larger irregular cells lining the body-cavity. These latter, 
since they alone have to do with the digestion of the food, 
may be called the digestive cells (Fig. 11, ii, di). 

Between these two layers of cells is a thin, non-cellular, 
transparent, gelatinous layer, the mesogloea. In Hydra viridis 
the two main layers are apparent even to the naked eye, for 
the skin cells are colourless, whilst the inner digestive cells 
are a bright green, so that the cells of the two layers stand 
out in marked contrast. 

The Skin mainly conical in shape, and 

are arranged regularly side by side, with much 
smaller oval cells, the loacking cells, filling the spaces between 
their inner narrow ends. The inner ends of all the larger 
skill cells are prolonged into narrow processes which run just 
below the skin, parallel to the long axis of the body. These 
are known as the muscle p'ocesses, for they have great power 
of contracting and expanding, and by so doing they cause 
those remarkable changes of shape in the body of the Hydra 
which have been noticed. (Compare with the axial muscle- 
fibre in Yorticella, p. 15.) Each separate skin cell consists 
merely of a nucleated mass of protoplasm, but, unlike the 
Amceba cell, each has acquired a definite shape, and its func- 
tions are limited. By its sensitiveness to contact each cell 
acts as an organ of ggerceggiion, giving warning to the organism 
of the presence of some external stimulus. Then by virtue of 
their special contractile processes these cells act also as the 
organs of motion of the body. Resinration also takes place 
doubtless over the whole surface of the bod}^ In the pro- 
cesses of nutrition, however, these cells take no part. 


\ 
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From some of tlie ‘‘packing cells” of the skin there 
develop certain highly specialised cells knoAvn as dart cells 
or ilireacl cells — also called nematocysts (neiim, a .thread) 

which work their waj^- through to the outer surface of 

an ordinary skin cell (Fig. 11, B, d), and there perform 



Longitiulinal magnified section of the ’whole body; m, month; li, bud ; 
spermary ; o, egg cell inside ovary. Ji, A few cells of the body-wall enlarged ; 
6-, skin cells or ectoderm; d, dart cell; di, digestive cells or endoderm. 
C, One ectoderm cell separated to show muscle processes. 

their special function of enabling the Hydra to catch and 
paralyse its prey. 

Dart Cells Each dart cell consists of a little oval bag. From 
or Nemato- the outer side of the bag the wall is extended into 
cysts. cavity as a hollow finger-like process, ending in 
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a long, whijD-like, sjDirallj^-coilecl filament, which lies supported 

in the liquid which fills the bag (Fig. 12, A), Surrounding 

the whole structure, but lying chiefly to 

one side of it, is the protoplasmic cell from j 

which it has been formed. When the / 

dart cell has reached the surface of the skin / 

there projects from it a tiny protoplasmic ^ 

thread; this is known as the “trigger 

hair ” (Fig. 12, A, t), for when it is touched 

the dart cell immediately “ exjDlodes,’’ fliiig- \ 

ing out the thread as in Fig. 12, B. The \ 

thread enters the skin of the victim, \ 

carrying with it, apparently, some poison, \ 

for it has a paralysing effect on such small \ 

prey as water- fleas, etc. Some of these 

dart cells have little recurved barbs at the 

base of the thread, but these are absent in ^ ^ 

the smallest darts. 

Such specialised structures as these dart 
cells show a great advance on anything 2. Dart 
found amongst the simple organisms of Cells or Nematocysts. 
the Protozoa. a, Before using ; -p, proto- 

^ Close to some of these dart of ceii in which 

Nerve Cells. n , , r ^ n the thread is formed ; 

cells have been found small, “trigger hair”; nn, 

very irregular cells, with large nuclei, nnciens. b , Tiie same 
resembling the nerve cells of higher forms, been eSruIiL!^'^^^^'^ 
and it is probable that in Hydra they 
function as a very rudimentary nervous system. 

Digestive The digestive cells, which form the inner layer 

Cells. of the body-wall, are less specialised, though thej^ 
are considerably larger than the skin cells ; in some Avays 
they resemble the primitive amoebiform cell. They lie closely 
packed, side by side, except for their inner ends, Avhich pro- 
ject freely into the body-cavity and are A^ery irregular in 
shape, some ending in blunt processes and others in Avhip- 
like threads, Avhich may at any moment be AvithdraAvn and a 
blunt process projected instead. These cells have, therefore, 
to some extent, a poAver of individual movement comparable 
to the movement of some Protozoa. 

Digestion may take place in tAvo AA^ays. Some of the 
digestive cells seem to be specially glandular, and the}?' secrete 


> been extruded. 
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into the digestive cavity a fluid which partially dissolves and 
digests the soft parts of the food, which is then absorbed in 
the liquid state by the adjacent cells. 

Then also the minute solid particles of food may be 
directl}^ engulfed by the blunt processes of the cells, just as 
in Amceba, and in this case the digestion takes place wiiliin 
the cells. Undigested matter is driven out of the body 
through the mouth, in the current kept up in the liquid 
that fills the body-cavity, by the lashing of the whip-like 
processes of some of the digestive cells. 

In the green and brown Hydrac the digestive cells 
contain the special pigment corpuscles which colour the 
body. 

In the case of R. viriclis the green colouring 
^ ’ matter is chlorophyll, the same pigment that is 
found in plants ; and by virtue of its presence the Hydra, 
though an animal, can to some extent feed holophytically, 
obtaining the carbon they need from the carbon dioxide 
dissolved in the water in which they live (see p. 21). 

Interesting investigations have been made into the nature 
of these green corpuscles, and it has been shown that they 
are really independent, unicellular plant-organisms of the 
genus Zoochlorella, which are living inside the body of the 
Hydra. Their presence is to the mutual advantage of both 
plant and animal, for whilst the plants aid in the nutrition 
of the animal, they gain in return a safe shelter, where they 
have no lack of water containing carbonic acid and dissolved 
food matter. Such a union of distinct organisms for their 
mutual benefit is known as symUosisI 
Reproduc- Sometimes, especially when food is plentiful and 
tion by growth rapid, a Hydra multiplies by the veiy 
Budding, girnple method of budding. A small lump appears 
at some point in the side of the body, and this grows out- 
wards. When examined, it is found to be formed of a lateral 
extension' of the body-cavity, which pushes the double body- 
wall in front of it, the cells rapidly dividing to keep pace 
with the growth (Fig. 11, b). The outgrowth narrows 

at its free end, a mouth appears, and round this a' ring of 
hollow tentacles develops, so that in time the bud takes on 

^ Zoochlorella enters into a similar partnership with green, freshwater 
sponges. See p. h9, and Gamble and Keeble, QJ.M.Z. xlviii., 1904, p. 363. 
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the form of the jmrent to which it is still attached (sec Fig. 9, 
A). Sooner or later it becomes constricted at the base, and 
then entirely sejDarated ; and in this simple way a new 
individual is formed, and enters ujDon a se 2 Darate existence. 

This, method of reproduction might be comjDared to the 
growth of a new plant by means of a runner growing out of 
the j)arent- 2 )Iant ; but just as in the higher jdants there is 
normally another method of re[)roduction, which depends 
upon the fusion of two sj)ecial cells — the s^oerm or generative cell 
from the pollen grain, and the egg cell in the ovule within the 
ovary — so here we find another method of reproduction, in 
which, similarly, an egg cell is formed inside an ovary and 
is fertilised by a sperm cell. 

In both cases the fusion of the sperm with the egg cell is 
known as Fertilisation^ and the result is to stimulate the egg 
cell to further growth and division. In the plant this results 
in the formation first of the seed, and then from the seed 
of the new, young plant. In the animal the fertilised egg 
develops directly into the new individual, without a ‘‘seed^’ 
stage intervening. In the Plydra the structures are all much 
sim^Dler than in the higher jfiants and animals. 

Sexual When this method of rejn’oduction is about to 
Eeproduc- take place, little swellings are to be seen on the 
surface of the body of the Hydra (Fig. 11). Each 
of these swellings consists merely of an up-pushing of the 
superficial skin cells, due to the rajfid multijDlication of the 
“ packing cells at one spot. The swellings nearer the base 
of the body become lai-ger than the others; these are the 
ovaries, and inside each, one cell enlarges at the expense of the 
others, engulfing and digesting its companion cells, much as 
an Amoeba engulfs and digests its food; finally, the single 
large cell which remains draws in its irregular processes, 
and after certain nuclear changes it becomes the ripe egg 
cell or ovum, ready for fertilisation, without which stimulus 
it can now develop no further. 

Meanwhile the smaller swellings nearer the upper end of 
the Hydra have become SRcrmaries, for in these -each of the 
“ packing cells becomes a minute sijcrm cell, not more than 
-g-J-Q- of an inch in length. 

These sjDerm cells are in a^Djieai-ance very unlike the round 
passive sperms or generative cells ” found in the pollen-tube 
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of most higher plants, to which, however, they correspond. 
Here each consists of a small oval head — formed from the 
nucleus of the cell — and a vibratile tail of protoplasm. By 
the vibration of these tails the sperms can move rapidly, and 
in so doing they break down the spermary Avail covering 
them and SAvim out into the AA^ater, making their Avay to an 
ovary. Many of them may approach a single ovary, but only 
one of them makes its Avay through the noAV ruptured ovary 
Avail into the egg cell, fusing AAuth it, and so accomplishing 
the act of fertilisation. 

The fertilised egg has now the poAver of dividing, and it’ 
does so rapidly, the cells formed all remaining in close contact, 
in a little solid mass of cells, Avhich is the little embryo Hydra. 
This secretes round itself a chitinous membrane, falls to the 
bottom of the AA^ater, rests for a time, and then continues its 
development into a neAv Hydra like its parent. 

This method of reproduction may be taken as being in 
essential points similar to that AAdiich obtains in all the higher 
animals, though it is only in some of the loAver forms that Ave 
find both ovaries and spermaries functional in the same 
individual. "When this is the case the animal is said to be 
lierma'plirodiie^ a term Avhich is also used to describe a floAver 
containing both OA^ary and stamens. 

In comparing this method of sexual reproduction Avith 
that in Yorticella (pp. 16-17), it is clear that the sperm cell 
may be compared to the microgamete and the egg cell to the 
macrogamete ; but Avhilst in Yorticella the tAvo gametes are 
essentially separate complete individuals — one of the tAvo 
at any rate being capable of further independent life even if 
fusion does not occur — in Hydra the gametes are merely 
special cells differentiated in the body, Avhich are incapable of 
further development unless stimulated by fusion, and Avhich-, 
after such fusion, develop into a neAv individual completely 
independent of the parent form. 

Regenera- Although the multicellular Hydra is one single 
tion. organism, all the cells Avith their different func- 
tions together completing the individual, yet its structure is 
very simple compared Avith that of the higher animals, and the 
differentiation of the parts of the body is not very deep-seated. 
This is demonstrated by the fact that the organism possesses 

^ From the names of the Greek god and goddess, Hermes and Aphrodite. 
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to a remarkable degree the power of regeneration of lost 
parts. If it is cut in two transversely, the bottom half ivill 
form a new mouth and tentacles, whilst the top half will form 
a new base ; in fact, even quite small pieces of the body are 
said to be capable of rej^roducing the whole. 

In such a form as Hydra the specialisation 
separate tissues is most striking. 

The differentiation of skin cells, digestive cells, 
dart cells, muscle processes, nerve cells, eggs and sjDerms, all 
mark the much higher stage of evolution of this form, as 
compared with even the most complex of the Protozoa. On 
the other hand, the form of the egg cell and its behaviour as 
it matures strikinglj?- recall the Amoeba. The digestive cells 
also, with their power of throwing out irregular pi'ocesses to 
engulf food, or whip-like processes for lashing the water, 
resemble many Protozoa, and indicate the primitive nature of 
these simple multicellular forms and their close affinity with 
the Protozoan organisms from ainongst which they must 
have taken their origin. 

Colonial Hydra-like Foi'nis^ or Hydroid Zoophytes, 

There are many genera which — though they begin life as 
a single individual or ^^polyp” very similar to Hydra — produce, 
by lateral budding, a large colony all united by a common 
branched stem which is permanently attached to one spot. 

Many of these colonial forms also secrete round their 
common stem a horn}^, tubular, protective covering, which 
may stop at the bases of the separate polyps, or may form 
cups extending right to the bases of the tentacles, so that 
each polyp can be completely withdrawn into its cup. 

Colonial The yellow, sandy-looking Sea Firs which are 
Forms with frequently picked up on the shores of our rocky 
homy Cups. Qoasts after stormy weather, and are commonly 
mistaken for seaweeds, are examples of such colonial hydroid s 
in which horny protective cups ai^e present. In one genus, 
Seiiidaria, the polyps are set on each side of the axis 
(Fig. 1 3), which may be much branched and arises from a 
creeping stolon attached to a rock or shell. Sertularia argentea 
is the beautiful Squirrel Tail zoophyte. In Jntenmilaria 
and Pluimdaria the polyps grow from one side of the stem 
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only. Ohelia forms a light fur-like growth on the wooden 
piles of piers and wharfs.^ 



Fig. 1 3. — Scrtularia pumila. 
iJ, Natural size ; A, enlarged jy, polyp ; c, horny cup. 

Those with Bougainvillea is a little marine form which is 
no horny found attached to rocks and shells below the 

Cup. surface in the lowest tide pools, many colonies, 
each one or two inches long, growing together, and so forming 
minute, branched, tree-like growths (Fig. 14, A). The 
particular point of interest about this genus is the specialisa- 
tion of some of the polyps to form bell-shaped individuals 
which alone form reproductive cells. These peculiarly modified 
individuals break away from the colony, and swim off like 
minute jelly-fish, and so serve the purpose of dispersing the 
genus far and wide. 

A reference to Fig. 14, B and (7, will make clear the 
main characters of the two kinds of individuals. The 
ordinary nutritive polyp is very like a Hydra with a short 
tubular body and a ring of tentacles round the mouth cone. 
Medusae reproductive swimming bells, or Medusae, 

as they are called, are shown in Fig. 14 in differ- 
ent stages. They arise as lateral buds, assume a bell or 
goblet shape, and develop a mouth-tube, which hangs down 
inside the “ bell.’^ 

^ For full account see Text Book of Zoology^ by T. J. Parker and W, A. 
Haswell. 
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The medusa^ is transjDarent and of a jelly-like consistence, 
owing to the great thickness of the gelatinous layer, known 
as the mesogloea^ which lies between the skin and digestive 
cells. (Compare Hydra, p. 25 .) 

In the wall of the bell there is at first a continuous 
cavity, lined with digestive cells ; but after a while — by the 



A, Colony natural size ; -B, colony enlarged ; C, single reproductive individual or 
medusa ; p, nutritive polyp ; g, a medusa bud. 


closing together of the inner and outer parts of the wall 
except just at the top and along four radial lines and also 
along the margin of the bell — the caAuty is restricted to a 
central chamber, communicating with the exterior by the 

^ These medusae can readily be obtained, late in the summer, by drawing 
a muslin net behind a boat, or even by skimming the surface of a rock pool 
with a net, and then dipping the net into a pail of sea-water. They are so 
small and so transparent that they may be overlooked at first. They vary in 
size from a mere speck to a ball half an inch in diameter. 
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mouth-tube, and extended, in the form of four radial canals, 
which run into a circular canal round the margin of the bell 
(Fig. 15). 

The concave under-surface of the bell is partially closed 
by a skin-like ledge, or mlmn^ which grows inwards from its 
margin. 

From this margin also, just below each of the four radial 
canals, hangs down a pair of solid tentacles. At the base of 
each of these is a little mass of pig- 
ment, to which perhaps is due a certain 
sensitiveness to light possessed by these 
medusae ; hence these pigment masses 
are termed ‘‘ eye-spots.” 

Each medusa swims like a jelly-fish 
by alternately contracting and expand- 
ing its bell, and so forcing water out 
and in. This movement is brought 
about by muscle processes of the skin 



Bougainvillea. 

in, ^loutli ; gc, gastric cavity ; 
rc, radial canal ; me, mar- 
ginal canal. 


Fig. 15. — Diagrammatic re- 
presentation of the Canal 

^ystem of the Medusa of cells, such as those in Hydra, and also 
by special muscle fibres — long nucleated 
contractile cells quite separate from the 
skin cells ; in fact, in these medusae 
there is, in some parts of the body, a 
layer of these muscle fibre cells, between the skin and 
digestive layers, as well as the much thicker layer of non- 
cellular jelly or mesogloea. 

The nervous system is also more highly developed, for 
there is a double ring of nerve cells with fibre-like processes 
round the margin of the bell, as well as an irregular network 
of the same just below the skin cells on the inner surface of 
the bell. 

. This greater differentiation of the muscular and nervous 
systems is doubtless due to the more varied needs • of the 
freer, more independent life of the medusa, compared with that 
of the more or less stationary Hydroids. The medusa swims 
away to fresh regions, and must be more active and “ alive,” 
to face successfully the new, varying conditions of life. 

The reproductive cells are produced usually in the skin cells 
of the mouth-tube, along four radial lines corresponding to 
the radial canals. The sperm cells are formed on one medusa 
and the egg cells on another. 
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Each fertilised egg cell develops into a little 
Development, mass of cells, which becomes covered 

with cilia. In this stage it escapes from the 
medusa, and swims slowly through the water. Finally it 
settles down in an upright position on some rock or shell, 
loses its cilia, and grows into a hydriform body, which soon 
buds freely and forms a new hy droid colony of BougainvilUa, 
The formation of medusae in this way, by 
Medus^ae^ hudcling from a hydroid colony, is only 

found in the class Hydrozoa ; and the medusae, 
if they develop fully, are always of the type described above, 
having a velum, radially placed ovaries and spermaries, and 
a continuous marginal nerve ring. In many of ‘the Hydrozoa, 
however, the reproductive individuals do not ever become 
free from the colony, but remain attached to it in a rudi- 
mentary condition, sometimes being nothing more than a 
sac-like body enclosing eggs or sperms, as is the case in the 
freshwater form Gordyloplioraj which occurs attached to the 
underside of floating wood in fresh or brackish water. 

liydra itself is included amongst the Hydrozoa, though in 
it the eggs and sperms are borne direct on the body of the 
ordinary nutritive polyp (see page 29). 


Practical Work on Hydrozoa 

Obtain some Hydra viridis from a pond, or, if this is im- 
possible, from a dealer. 

Mount, in a drop of water on a slide, a small piece of weed 
with a Hydra attached to it ; if the Hydra is detached it can be 
taken up with a dipping tube and placed on the slide ; a small 
piece of stick or Aveed should be put in the water before the cover- 
slip is put on, otherAvise this may crush the body of the Hydra 
undesirably. Examine under the Ioav poAver of the microscope, 
Avatching the body expand ; Avhen it is fully extended verify the 
different facts stated in the text. Look for specimens that are 
budding or reproducing sexually. Sketch in different stages. 

Prepared sections of the body should be obtained and examined 
under the microscope if possible, so that the different tissues may 
be studied in detail. 

Put several Hydrae into a small glass vessel jmrtly filled Avith 
pond Avater or clean rain Avater, and supplied Avith fresh duck- 
weed and other Avater-Aveed from a pond ; cover the vessel and 
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keep in a light but not a sunny place ; watch the life of the 
Hydrae and the formation of new individuals by budding. 

Obtain other species of Hydra and watch them also. 

Examine any colonial Hydroids and medusae that you can 
obtain,^ sketching them carefully and identifying them if possible 
by reference to such a book as British Hyclroid ZoojohyteSj by 
T. Hincks (2 vols., 1868). 

The Plymouth Aquariuvi Guide Booh (price Is.) is a most useful 
guide for beginners in identifying common hydroids, as well as 
for its interesting notes on all the common marine fauna of the 
Devonshire coast. 

^ If it is not possible for tlic student to get these direct from the 
sea, they can alwaj^s be obtained from the Marine Biological Laboratory, 
Plymouth, 


CHAPTEE III 


COELENTEEATA {continued) 

Class II. : SCYPHOZOA (Jelly-fishes) 

Type : The Common Jelly-fish {Aurelia aurito). 

The ordinary large Jelly-fishes are very like the medusae of 
the Hydrozoa, but they develop differently and have a 
somewhat different structure. 

The commonest form round our coasts is Aurelia aurita. 



Fig. 16. — The Common Blue Jelly-fish {jUirelia emrita). 

Seen from the side, with the mouth-lobes hanging down below, and the horseshoe- 
shaped reproductive organs showing through the transparent upper surface. 

These jelly-fishes are often washed up in large numbers on 
fiat beaches, and vary in size from two inches to a foot or 
more in diameter. 

Aurelia has an inverted, milky-blue, bowl-shaped body with 
eight notches round the margin of the bowl, and a fringe of 
small marginal tentacles (Fig. 16 ); also at each notch is a 
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pair of very small finger-like processes known as the “ marginal 
lajDpets.'' 

The mouth-tube is very short and can only be seen by 
looking under the bell, but at each corner of the mouth a long 
“mouth-lobe’’ hangs down, (Fig. 16). In a large individual 
these mouth-lobes may be several inches long; they are delicate 
membranous structures, frilled at the edges and well supplied 
with stinging thread cells, which render an encounter with 
a jelly-fish unpleasant to the sea-bather, and from which it 



Fig. 17. — Aurelia auriia^ viewed from below, 

acquires the name of the “sea-nettle,” though this special 
species is .harmless compared with the less common Pelagia, 
the sting of which is decidedly unpleasant ; the mouth-lobes 
of this latter genus may be a foot or more in length, and its 
eight marginal tentacles are as long as the mouth-lobes. If 
the jelly-fish is viewed from below (Fig. 17), the ’mouth and 
mouth-lobes and radial canals are well seen, and also the 
four brightly-coloured, horseshoe-shaped or circular repro- 
ductive organs which contain either the egs* cells or the 
sperms. These are formed from the cells lining the digestive 
cavity, but they show clearly through the transparent wall. 
They are at first horseshoe-shaped, but each may ultimately 
form almost a complete ring. Just below each of them is a 
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pit in the under surface of the bell, communicating with the 
exterior by a small aperture, the sub-genital aperture ; water 
passes freely in and out of each of these, and this may he of 
value in renewing the air supply, for the water in the pit is 
only separated from the genital organs hy a delicate thin 
layer of cells. Lying inside the digestive cavity, close to the 
reproductive organs, there are many little ciliated filaments, 
the gastric filaments, richly beset with stinging cells, the 
function of which is to paralyse any prey that may be 
swallowed alive. These do not occur in any of the Hydro- 
medusae described in Chapter II. 

The nervous system also differs from that of the medusae of 
the Hydrozoa, for instead of a ring of nerve cells there are. 
eight groups of such cells near the eight pairs of marginal 
lappets where special sense organs are situated ; these latter 
consist merely of little pigment masses or eye-spots, and also 
of small pits, lined with sensory cells, known as olfactory y}itSj 
hy means of which the animal may detect the presence in the 
water of things good to eat or the reverse ; little, however, 
is known of the special functions of these structures. They 
are often called “ tentaculocysts,^’ for they are thought to 
represent modified tentacles; they only occur in these large 
\jelly-fish, and form one of the distinguishing marks between 
them and the medusae of the Hydrozoa, from which they also 
differ in having no velum to the bell. 

In the Hydrozoa the medusa is merely a specially 
^ment^' ^"lo^Lfied individual, formed by budding on a colony 
of ordinary hydroid polyps, but in the Scyphozoa 
the medusa is the dominant phase, the hydroid when present 
being a little insignificant structure, about half an inch long, 
known as the Scyphistoma. < 

This little hydroid develops in the late summer directly 
from the fertilised egg. Even before leaving the parent jelly- 
fish, the egg has developed into a little oval hollow sac open at 
one end, with a two-layered wall covered with cilia, by means of 
which it makes its way out of the mouth of the jelly-fish into 
the Avater. It SAvims freely for a short time (being knoAvn in 
this stage as the “ planula ”), but finally it becomes attached 
to some object in the AA^ater, loses its cilia and develops a 
mouth as shown in Fig. IS, B and G. Tentacles then begin 
to groAV out round the mouth until there are sixteen arranged 
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at regular intervals, the mouth-cone is pushed outwards and 

becomes quadrangular, and 
four folds of tissue grow 
inwards from the body- wall, 
forming the four “ gastric 
ridges ” which alternate in 
position with the angles of the 
„ C 14 . • mouth. From these gastric 

the development of the hydroid. ndges arise the sexual organs 
(After iCorschelt and Heider.) and gastric filaments described 
st^ Mouth and moutli-tube developing, previously. 

Above each gastric- ridge the surface of the mouth-cone 
becomes pushed in to form a narrow funnel-shaped pit. The 
final result is the formation of a little polyp, not very unlike 
a small Hydra; this polyp is the Sci/iMstoma (Fig. 19, A). 
In the autumn each such Scyphistoma gives rise, by a curious 
process of repeated transverse constriction, to a whole series 
of little embryo jelly-fishes, each of which is known at first as 
an EjYiym. First there appears in the hydroid body below 
its tentacles a series of ring-like constrictions which deepen 
until the polyp begins to look like a pile of veiy deep minute 
saucers, the margin of each saucer becoming deeply eight- 
lobed (see Fig. 19, B), This stage is known as the Strobila, 
After a time the constriction reaches right across the polyp, 
and the saucer-like segments, one after the other, gradually 
separate from the polyp, turn upside down, and swim off as 
tiny shallow jelly-fishes or E])]iyrae, As the constriction has 
proceeded, a portion of the gastric cavity with the gastric 
ridges has been nipped off in each Ephyra. This cavity is 
closed below when the constriction is completed, but on the 
side which is uppermost before it is set free, it is drawn out 
into a little mouth-tube, ending in an open mouth. This 
mouth-tube can be seen through the side of the transparent 
Ephyra in Fig. 19, C. The curve of the surface is at first 
very slight, but rapidly increases ; the portions between the 
lobes grow out so that the margin becomes circular, the 
marginal tentacles develop, the gastric canals form, and the 
mouth-lobes protrude ; thus the Ephyra gradually assumes 
the adult form shown in Fig. 16. The medusae of some 
jell 3 ^-fish develop straight from the egg without this com- 
plicated process of the transverse fission of a hydroid ; this is 
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SO in the common Telagia, and this may be one 
^ ‘ reason for the wide distribution of this genus in 
the high seas, for it is not dependent on the shallow waters of 
the shore, where a suitable place of attachment might be found 
for a fixed Scyphistoma stage. One species, Pelagia g^hosjjhora, 
occurs in the Atlantic and Indian Oceans, and a number of 



Fig. 20. — Clirysapm ( x (Sherrills.) 
Lip or oral lobe. 


these beautifully phosphorescent forms may cause a line of 
light many miles in length on the surface of the sea. 

The genus Ohrysaora is also found occasionally on our 
coasts. It may be distinguished by its many long marginal 
tentacles and long oral lobes with well-developed stinging cells. 

Another jelly-fish found on the western coast of Ireland and 
Scotland is lihizosioina inilmo, which has an umbrella-shaped 
body two feet in diameter, sometimes green in colour with a 
red margin and with long bright blue oral lobes but no 
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marginal tentacles ; occasionally this form drifts into the 
English Channel. 


Class III. : OTENOPHOEA 

^ Sometimes there may be seen floating in the 

For^tion. company of ordinary jelly-fish, and 

looking rather like them, the little Comh’-jellies or 
Seorgooseherries. They resemble their large companions, how- 
ever, chiefly in their jelly-like consistency-; in detail they 
differ so greatly in structure that some zoologists class them 
in a separate phylum, the Ctenophora, but more usually they 
are included amongst the Coelenterata, although they do not 
possess the characteristic nematocysts of this phylum. A 
common Mediterranean species, Horniigghora ^lumosa^ is shown 
in Fig. 21. 

British Sea commonest British ‘form is PleurobracMa 

gooseberry. ) these creatures occur in shoals in the early 
part of the summer, though they separate later. 
Pleurobrachia is very like Ilmmij^hora, 

Each individual has a. pear-shaped body, to f inch long, 
made of transparent jelly and with the mouth at the lower, 
narrower end. 

Sense Organ. depression at the opposite, 

'broader end is a special, lather elaborate sense 
organ ; this apjDears as if 
it must be an organ for 
maintaining equilibrium, 
for there is in the central 
shallow depression a little 
mass of calcareous par- 
ticles supported on stiff Fig. 21. 

but flexible cilia. A Hormiphora plumosa 
slight lurch of the body 
to one side or the other : s.pi, swim- 
will cause a slight dis- cuu„.) 

placement of this mass, 
and a stimulus is then 
carried from the affected 
cilia along certain special lines of other cilia to the swimming 
organs of the creature and the balance is readjusted. 
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The The swimming organs of all Ctenophora are 

Swimming quite unique, and give to them the popular name 
Organs, ‘‘ Comb-jellies.” They consist of eight bands 
of comb-like plates which run from the area round the sense 
organ down eight radial bands towards the mouth, stopping 
about two-thirds of the way down (see Fig. 21, 

These plates are in constant motion, the cilia at their free 
margins lashing up and down. The plates move in succession 
with a wave-like rhythm, catching and reflecting the light as 
they do so, often causing a beautiful rainbow coloration. 
Tentacles Titlin' obmdiki also possesses two long, delicate 

solid tentacles which float out behind it as it 
moves, but which can be withdrawn into two pit-like sheaths 
which lie one on either side of the body. These tentacles 
are covered by peculiar adhesive cells ” or glue cells ” ; 
these secrete a substance which causes them to stick to any 
body they touch, and so assist in the capture of prey. 
It should be noted that they are not homologous with the 
nematocysts of Hydra. 

The genus Btrol is also found off our coasts. 
Berol cucumis has a body sometimes quite 3-J- 
inches long; it has no tentacles, and the mouth is very wide so 
that the body is somewhat thimble-shaped ; it moves rapidly, 
and devours other Ctenophora and even small fishes. 

Venus’ Veneris^ the Venus’ Girdle, is found in 

G^Lle Mediterranean and in the Atlantic Ocean, but 

its beautiful, transparent, ribbon-like form is not 
to be seen off British coasts. 


Eeroe. 


‘ Practical Work on the Jelly-fish {Aurelia) 

1. These animals should be studied alive in their natural 
habitat, since after death their soft bodies lose their beauty of 
form and colour, and change their shape very greatly. 

The best way of getting them is to lift them out of the sea 
beyond low-tide mark in a pail of water, and then to transfer them 
to a large tank of sea-water, or a clear rock pool, dipjDing the pail 
riglit in, so that they gradually float out ; in this way beautiful 
undamaged specimens of Aurelia may be obtained. ^ 

2. Further e.vaminatioii of dead pickled specimens ^ is desir- 

^ These are also supplied by the Marine Biological Laboratory, Plymouth. 
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able, and one should be cut in halves longitudinally to expose the 
gastric cavity and the structures within it. 


Class IV. : ANTHOZOA or ACTINOZOA 
(Sea-anemones and Corals) 

Type : The Sea-anemone. 

There are a great many different genera of Sea-anemones 
common round our coasts, where they are to be seen fixed 
to the rocks between high- and low-tide marks ; they vary 
considerably in external form and in their beautiful colours, 
but all have essentially the same general type of structui’e 
and of life-history. 

External The body consists of an almost cylindrical 
Appearance column, varying in length from a fraction of an 
and Habits, 0 ^ inches ; it broadens slightly at the 

base, and this end is attached to a rock, whilst the narrower 
upper end consists of a flat disc with a slit-like mouth in the 
centre, and a fringe of tentacles (usually some multiple of six 
in number) all round the margin of the disc. 

If touched, the whole body seems to collapse, for the 
water which filled its cavity is expelled, and it immediately 
becomes an almost shapeless mass. The tentacles are also 
tucked away quite out of sight, for a circular muscle round 
the top of the body contracts, and pulls together the margin 
of the disc, like a string drawn round the mouth of a bag. 
Both the tentacles and the body-wall are furnished with 
many stinging cells (nematocysts), which serve to protect the 
animal from enemies and also aid it in killing its pre}^, which 
consists of worms, shrimps, and many small animal forms : 
these are paralysed by the nematocysts and then passed 
through the mouth into the digestive cavity within, the 
indigestible parts being ejected again through the mouth. 

Though usually stationary, a Sea-anemone can move 
slowly over the rocks, gliding along on its broad base. 
Certain anemones will occasionally detach their bases from 
the rock, and drag themselves along by their tentacles in 
an inverted position ; this is said to have been observed 
frequently in the case of anemones kept in aquaria. 

E 
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One of the most striking differences in internal 
Struct^e structure between the Sea-anemone and the Hj^clra 
is the position of the mouth-tiibe. In Hydra this 
projects outwardly as a short cone j in the Anemone it is 



Fig. 22. — One-lialf of tlie Body of a Sea-aiiemoiie. (Diagrammatic.) 

t, Tentacle ; oe, gullet or oesophagus ; m, one mesentery or septum seen in surface 
view ; the six others slio'A’n are seen from their inner edges ; e, reproductive cells 
on the free edge at the base of a septum ; c, cavity bet-\veen two septa. 

much longer and is turned inward, so that it forms a gullet 
extending some distance into the body-cavity (Fig. 22). 

In the Anemone also, the body-cavity is partially sub- 
divided into radial chambers by a number of pairs of thin 
membranous partitions or se2)ta which grow inwards from 
the body-wall. These partitions are some multiple of six in 
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number, and are attached to the base of the oral disc above, 
to the base of the body-wall below, and by their inner margins 
to the wall of the gullet, so far as this extends, but from 
the base of the gullet downwards the edges of the membranes 
project f reel 3^ into the bodj^-cavity (sec Fig. 22) ; hence trans- 
verse sections taken through the bod}?- in the region of the 
gullet will have the appearance shown in Fig. 23, ^/, whilst 
those taken at a lower level will be seen as in Fig. 23, IR 
Not only do all the different chambers of the bodj^-cavity 
communicate with each other freely below, but each partition 
is perforated not far from the top by one or more pores ; 



A B 

Fig. 23. 

Transverse section of the body of an Anemone in region of gullet. Transverse 
section of the body in region below gullet. (Diagrammatic.) 


each chamber is continued into the cavity of the tentacle 
above it, and so all parts of the body-cavity are in free com- 
munication. 

Muscles are present on the septa, and the arrangement of 
these is one of the characteristics used in classifying Anthozoa. 
It will be seen, by reference to Fig. 23, that the position of 
the muscles on the two pairs of septa on either side of the 
phme of symmetry of the body differs from that of the 
muscles on the other pairs of septa. 

On the free margins of the partition walls 
filaments are developed, recalling the gastric 
. filaments in a Scyphozoan (see p. 39); these 
probably secrete a digestive juice ; also the generative organs, 
either egg cells or sperms, develop on these septa (see Fig. 22, e). 
The sexes are nearly always distinct, though a few rare 
hermaphrodite anemones are known {e.g, Cerianihus). 
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The fertilised eggs usually undergo a certain amount of 
development inside the parent anemone, forming a little 
jell3^-like ciliated larva whicli esca2:)es through the mouth of 
the parent and lives a free-swimming life for a time, before 
settling down in- one place and assuming the adult form. 

Stinging The stinging cells are abundant on the tentacles 
Cells. and also on the outer surface of the body-wall ; 
in some Sea-anemones they are grouped together in little 
batteries of cells, which may form conspicuously bright- 
coloured beads round the margin of the mouth-disc, at the 
bases of the outer tentacles, as in the Common Beadlet 
{Aclinia mesembrijanthemim), which is veiy common on our 
coasts. This is a form with many tentacles, and with a body 
veiy variable in colour, but usually of a deep red, with 
bright-blue spots round the disc, and a line of bright blue 
round the base of the column. The dart cells in this species 
are not sufficiently strong to pierce human skin, but their 
ejection when touched causes the tentacles to adhere slightly, 
producing a peculiar, sticky feeling. 

In other genera there are special defensive organs in the 
shape of long threads covered with the stinging dart cells ; 
these threads arise on the internal vertical septa, but they 
can be projected through holes in the body-wall, and then 
drawn in again ; they are known as acontia. 

Corals. 

Devon Cup In nearly all our British Anthozoa the polyp 
Coral. consists of a soft or leathery body with no 

supportive skeleton; but a few, such as the Devon C-up 
Coral {CaryophT/llia ' smithii), form calcareous matter within 
the body-wall, and the calcareous particles become fused 
together, attaching the anemone firmly to the rock on 
which it grows, and making the body-wall hard and strong ; 
vertical calcareous plates are also formed, alternating with 
the mesenteries or memlmanous septa described above. 

The CujD Coral is to be found in many parts of Devon 
and Cornwall between high- and low- tide marks, but is more 
plentiful in deeper water. 

From such a form as the Cup Coral it seems natural to 
pass on directly to the reef-building corals of warmer seas. 
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tlie Maclreiiores. In these forms the 3 'oung polyps bud, and 
the resulting individuals remaincoiinecfced together, 
building SO that colonies 

Corals or ^re formed as in 
Madrepores. , i tjt i 

^ tlie Hydrozoa. 

Each polyp before it buds 
produces its own stony sup- 
port, having a form similar to 
that described in Caryo;p]iyllia^ 
i.e. with a stony base, cup- 
like wall, and vertical septa. 

When it buds, this “skeleton 
is added to continuous!}^, but 
the living tissues at the base 
gradually die, the polyps only 
inhabitating the ends of the 
branches. So the colony 
grows, year after year, con- 
tinually increasing in size, and 
in time consisting of thousands 
of living polyps occupying the 
ends of branches which have 
arisen in connection with, and 
still are attached to, a mass of 
calcareous matter, representing 
the supports of the ancestral 
polyps. Fig. 25 represents a 
small branch with the cups of about 200 polyps attached to 
it. In this way immense belts of solid calcareous rock have 
been constructed by these minute soft-bodied animals, and it 
is such rock that forms the banks known as coral reefs. 

These colonial forms flourish best in water not deeper than 
twenty fathoms and of a temperature not lower than 68° F., 
and hence they are chiefly found in warm latitudes, and 
arise fairly close to land where the water is shallow. They 
are, however, known at greater depths and in colder water. 

The fact that coral reefs are found at a great depth was 
explained by Charles Darwin by the theory , that in such 
cases the coral polyps which originated the reefs started to 
grow at the sea-bottom, in shallow water near some coast, but 
that the land and sea-bottom were steadily sinking, and con- 



Fig. 24. — The Devon Cup Coral 
( Oaryoiihyllia smithii). 

Live specimen vith polyp intact. 
jB, Calcareous skeleton. 
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tinuecl to do so for long ages, but at such a slow rate, that 
though the bottom of the reef became uninhabitable to the 
polyps, those above still flourished, 
r~T“: 7 ^ ’ multiplied, and spread upwards, and 

so the reef grew continuously, based on 
the foundations built by preceding 
generations ; such subsidence of the 
land would also cause the reef to 
become more and more widely sej)arated 
from the coast until many miles of sea 
mierht intervene.^ The most striking 
examj^le of such a coral reef is the 
Great Barrier Beef, which runs for 
1200 miles parallel to the N.E. coast 
of Australia, and distant about 80 
miles from it, whilst the reef itself is 
50 miles in width, a tremendous 
structure to have been built up by 
organisms so minute and insignificant 
individually as these little coral polyps. 

Coral reefs often surround or fringe 
islands in tropical seas. In some cases 
they have formed a fringing reef right 
round an island which has subsequently 
disappeared owing to subsidence, while 
which continued to grow upwards, was 
again, so that it now projects above the 



Fig. 25. — -A Branch of a 
Colony ot I\iaclrep6ra. 

a, Central axis, the broken 
end showing the canal up 
the centre ; b, cup ot* one 
polyp. 


Such a ring-like 


the coral reef, 
apparently raised 

water, and surrounds a shallow salt lake, 
coral island is called an Ztoll. 

Coral reefs always tend to spread outwards, away from the 
land, for the polyps flourish best where they are most exposed 
to the splash of the waves which bring them air and food. 

All the common reef-building corals are similar to 
Madrepora in having six — or some multiple of six — tentacles, 
and a skeleton which extends into the body-wall of each iDolyp. 

The Red The Common Bed Coral {Cor allium ruhrum)^ 
Coral, /which is used for ornaments, belongs to a sej^arate 
division of the Anthozoa, with polyps having eight tentacles 

^ This subsidence theory is now much questioned in some cases ; see 
J. S. Gardiner, The Fcmna and Geograjjhy of the Maidive and Laccadive 
Archipelago^ 1902, vol. i. pt. ii. p. 172. 
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Fig, 26. — Oorallmm, ruhrum. 
(After Lacaze-Duthiers.) 


and mesenteries. The common stem of the colony in this 
form secretes an internal axial skeleton, which is calcareous, 
solid, and inflexible, the polyps 
projecting like buds from the 
enveloping living cells. This 
precious coral is obtained chiefly 
from the Mediterranean Sea, on 
the floor of wdiich it forms 
branching masses about one 
foot high. 

Classification of the Coelenterata 
mentioned in Chapters II. and III. 

Class 1. Hydrozoa. — Here the 
dominant phase is a Hydra -like 
form, either solitary or forming 
a branched colony. In the 
colonial forms special individuals 
are usually modified for repro- 
duction, and iii some cases these become transformed into free- 
swimming medusae ; they may, therefore, be said to develop as 
lateral buds from the colony. The sexual cells are always 
discharged directly into the surrounding water. 

Sub -class A . — Sea Firs^ Hydroids with horny cups to 
protect the polyps ; e.g. Sertularia, Antennularia^ Plumularia^ 
Ohelia. 

Sub-class B. — Hydroids in which the polyps are not protected 
by a skeletal cup — Bougainvillea^ Gordylopliora^ Hydra. 

Class II. Scyphozoa, — Coelenterates in which the dominant 
phase is the “Medusa” or “Jelly-fish.” The medusa may develop 
direct from a fertilised egg, as in Pelagia, but in most cases it is 
formed by the repeated transverse division of a small hydra-like 
but wide-mouthed “ scyphistoma.” The sexual cells are discharged 
first within the body-cavity. 

Aurelia, with many short marginal tentacles. 

Pelagia, with eight marginal tentacles. 

Chrysaora, with many long marginal tentacles. 

Bhizostoma, with no marginal tentacles. 

Class III. Otenophora. — Forms with transparent jelly-like 
bodies somewhat resembling jelly-fish, but differing from all other 
Coelenterates in having no nematocysts. Also they have peculiar 
and characteristic i^lates or “combs” of cilia fused together in 
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short bands arranged in eight longitudinal series ; by the move- 
ment of these they swim through the water. 

Hormifliora^ a Mediterranean form. 

Pleurobrachiaj the British Sea-gooseberry. 

Beroey larger British form, thimble-shaped. 

Gestus veneris^ ‘‘ Venus^ girdle,” non-British. 

Class IV. Antliozoa or Actinozoa. — Polyps in which the mouth- 
tube is inverted to form the gullet, and the body-cavity is partially 
divided by radial mesenteries on which the sex cells are developed. 

Sub-class A. Zoahtharia. — Polyps with simple unbranched 
hollow tentacles, in number five or six or a multiple of 
five or six. 

Order I. Actiniaria or ‘‘Sea-anemones.” 

II. Madrepararia or “ Stony Corals.^' Those having a 
calcareous skeleton. 

III. Antiimtharia or “ Black Corals.” Those having a 
branched horny axial skeleton extending through- 
out the colony. 

Sub-class B. Alcyonaria. — Polyps with eight pinnate tentacles 
and eight mesenteries. 

Type 1. With spicules scattered in the mesoglpsa of the tissue 
uniting the polyps, e.g. Alcyonium, “ Sea Fingers.” 

2. With spicules covering to form a branched axis, e.g, 

Gorallium ruhriim, the Bed Coral. 

3. Spicules forming a series of connected tubes connected 

by horizontal platforms, each tube lodging a polyp, 
e.g. Tuhipora, the Organ Pipe Coral. The beautiful 
Sea Fans {Gorgonia) and Sea Pens (Pennatiila) also 
belong to this sub-class. 

A Sea-Water Aquarium. 

Even if a student is living away from the sea and therefore 
cannot study the creatures in the most desirable way, i.e. in their 
own natural habitat, he may still make valuable observations by 
keeping common Sea-anemones in a small sea-water tank. 

Howto “tank” may be merely a deep earthenware 

start a Sea- basin, glazed inside ; but a rectangular tank, all glass, 
water Tank, or one specially made so that its joints will withstand 
the salt water, is desirable when possible. 

Well-washed sea-sand or shingle may be put over the bottom of 
the tank to the depth of about two inches. It is important that 
the sand should first be well washed in a basin under a running 
tap until the water which runs off it remains quite clear, then it 
must be well dried, or else washed once in sea-water j before 
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X:)iitting it into the tank ; above this floor some kind of rockwork 
should be built up, so that the anemones can attach themselves 
at different levels. The sea-water, when added, should be poured 
on to a large rock or an inverted jar placed on the bottom, in 
order to avoid stirring up tlie sand.^ 

Next a few healthy pieces of the bright green Sea- 

lettuce, or the dark green hair-like Glado2)lioray growing attached to 
a piece of rock or shell, should be introduced ; these will help in 
tlie aeration of the water.^ Red and brown seaweeds are of little 
use for this purpose and rapidly decay, so they should be avoided. 

The aquarium should stand, if possible, in a north window, so 
that it gets plenty of light, and yet not the direct rays of the sun, for 
these cause the too rapid development of microscopic green Algae 
over glass and stone. Three sides of the tank should be shaded 
with a dark curtain, and the top should be covered with glass, so 
that dust does not collect and form a scum over the surface of the 
water ; it is well to s3Tinge the water with a small glass syringe 
with several terminal pores, ^ in order to drive air down into it. 
As the water evaporates, sufficient /rcs/t (rain or tap) water must be 
added, to keep the density of the water constant. This should be 
poured in, very gently, a very little at a time, and then at once 
mixed with the salt water by stirring it with a glass n)d. 

Sea water that has become impure, or green from the growth of 
Algae, may be purified by filtering then storing away in stone 
jars in a cool dark cupboard for some weeks. Dead animals 
should be removed with wooden forceps ; the hand should never be 
put into the water. 

When all is read}^ the desired inmates of the tank may be 
introduced into it. It is important not to overcrowd the space, 
and also to choose those anemones that thrive well in captivity. 
Most hardy kinds travel with impunity, just packed in a tin with 
plenty of damp seaweed — bladderwrack makes good packing ; but 
it is of course better, if possible, that they should be carried in a jar 
of sea-water. When they arrive they should be put first into a 
“quarantine” bowl of sea-water, supplied with plenty of rocks or 
stones to which they can fix themselves, and only those should be 
introduced into the large tank which aj^pear quite healthy and 
which have attached themselves. 

I For directions for making artificial sea- water see Appendix B. 

“ A simple, easil}" made little apparatus for keeping the water always well 
aerated is described in Appendix A. 

Such a syringe can be bought at a chemist’s for about 2s. 6d. 

A suitable hydrometer for testing the density of the water can be 
obtained from Messrs, Griffin, ICiugsway, London, or other dealers. 
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Anemones Anemones easy to procure and to keep in health are 
suitable for the beautiful Plumose Anemones {Actinolola diantlms)^ 
the Tank, common on the East Coast in deep water — they are 
large, pale-pink or wliite forms with frilled tentacles ; also the 
Common Smooth or Beadlet Anemone {Actinia mesembryanthemuin)^ 
the form described on p. 48 ; and the Daisy Anemone {Sagartia 
hcllis\ common on the coasts of Devon and Cornwall, but rather 
difficult to obtain, as it is wont to inhabit a hole in a rock into 
which it can completely withdraw itself. It is a curious form, 
with relatively narrow column and a spreading disc at the top, 
three or four times the diameter of the column. 

Many other anemones may be ke])t, but it is well to begin with 
only two or three kinds at first ; the Plumose Anemone lives best 
by itself, for when with other kinds of anemones it may get “ bad- 
tempered ” and shoot out “acontia” at the others when it comes 
into contact with them, and discharge mucus, so that none of them 
thrive. 

The anemones should be fed on little pieces of raw or cooked 
beef, or the flesh of shrimps ; the morsel should be held in wooden 
forceps^ just over the anemone until it seizes it with its tentacles. 
All uneaten particles of meat should be carefully removed from 
the water.- 

During the first fortnight several of the anemones will very 
possibly die, but those that are left at the end of this time may 
live for years, and will reproduce freely. The little new anemones 
may often be observed in the process of being discharged from the 
mouth of a large anemone, and then going off to fix themselves in 
some far corner to begin their own lives. Sometimes a mere frag- 
ment of the column of an anemone, which has hecorne detached 
when the anemone moved, may be seen to develoj:) into a perfect 
individual ; this frequently occurs in the Plumose Anemone. 

A more extended study of Sea-anemones should be made on 
some rocky coast where they are abundant, such as many parts of 
Devon and Cornwall. “Finds” may be identified by reference to 
Cossets History of British Bca Anemones and Corals (1866), which 
is still the standard work on the subject. 

The Plymouth Aguariioni Guide also is helpful. 

^ Conveinent long wooden forceps can he bought of any dealer ; they can 
be made without much difficulty (sec Appendix C). 
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PHYLUM III. : PORIFEEA (Sponges) V 


Sponges are animals which are often mistaken for plants, 
for when full grown they are fixed to a rock and they have 
no easily recognisable animal characteristics; indeed, some 
of them even have the green colour characteristic of plants, 
though this is exceptional (see p. 59). AVhen young, how- 
ever, they all live a free-swimming, active life for a few days 
(see p. 60), and when fixed later they all feed holozoically. 

The body of a sponge is composed of many cells lying in 
close contact with one another, and usually forming a yellow- 
ish asymmetrical mass of varying size, which is fixed to a 
rock or seaweed, and which is practically motionless, though it 
may shrink slightly if touched ; if squeezed, it is found to be 
^ . 4 y,y^ compressible and yet tough, 

^ '1; ' . - regaining its former shape 

when the pressure is removed, 
surface of the sponge is 


dotted over with minute pores, 
and one or more larger open- 
ings known as osmla also 
occur. Sponges live ahvays 
submerged in. water, and if 
a few grains of some pigment 
such as carmine are dropped 
in the water near them, it 
will be seen that the grains 
are drawn into the minute 
“inhalent’^ jDores, and also that they are driven away from 
This current of Avater is produced by 
65 



Fig. 27. — Tlio Purse Sponge {GravUa 
conqyrcssa) (natural .size), attached 
to a braiieli of .seaweed. 

0 , Oscula. 


the larger “oscula.’’ 
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the lasliing of the protoplasmic threads or flagella, possessed 
by certain of the cells within the body (see Fig. 29), and it 

carries into the body both the 
ox 3 ^gen necessar}^ for respiration 
and also the decaying organic 
matter which probably serves 
as food. 

The form of the body varies 
very much. Sometimes it has 

the shape of a little flattened 
Fig. 28. — The Bread-crumb Sponge i -h i 

{Ilcdicliondriapanicca) (natural sfee). OSCulum 

0 , OscLila ; p, inlialent pores. PuiSC opOllge, 

Ghxmtia compressa (see Fig. 27); 
or it may form a branched finger-like mass, as in the common 
Chalina oculata^ often thrown up on the beach after storms ; 
or it may form encrusting masses with many oscula, each 
raised on a little projecting crater-like ^ 

process, as in the Crumb -of -bread 
sponge, Halichoiidria (Fig. 28), which 
is common on rocks and weeds even 
above low-tide mark; others again 
form much larger and more complex 
bodies, as in the Bath Sponges, which 
are found chiefly in the Mediterranean 
Sea, and also off the West Indies. 

In all cases the sponge-body is 
found to have a certain general type 
of structure, and a similar differentia- 
tion of tissues. 

Microscopic simplest sponge- 

Structure. body the cells are so 
Ascon Type, arranged that they form I, Diagrammatic representation 

two distinct layers, surrounding a l-ougu'^Cnrof TmpTo 

single cavity, which opens to the Ascon type; ectoderm; 

exterior by the osculum — but the t iniiaient 

osculum, it must be remembered, 
not a mouth, but an ajjerture for the 
casting out of the water taken in through the pores all 
over the walls. This is the “Ascon’’ type of sponge. 

The outer layer of cells corresponds to the skin cells 
(ectoderm) of Hydra ; the inner cells correspond to the 



Fig. 29 . 


pores ; o, osculum, 

JJ, one collar cell, enlarged. 
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peculiar in sponges 
and also the cells 



endoderm of Hydra, but the latter are 
in being all very definitely flagellate, 
bearing the flagella have a 
peculiar little projecting trans- 
parent tube round the base of 
each flagellum, whence they are 
called “ collar cells/^ The 
whole central cavity in these 
simplest forms is lined with 
collar cells ; between the ecto- 
derm and endoderm is a gela- 
tinous leaver, the mesoglom ; and 30.-Variou.s forms of Sponge 

embedded in this mesogloea are Parker and liaswell). 
found the sincules which are so 

very characteristic of sponges and give them their tough texture. 
These spicules are of very.A^aricd shapes in different sponges 
(Fig. 30); in sponges of the Ascon type they are usually three- 
rayed and calcareous. 

This very simple Ascon type of structure is found in no 
adult British sponge, but is a stage passed through by some 
of them, e.g. Clathrina blanca, the White Lattice Sponge, 

which has at this stage a minute 
vase-like body about -j^th of an 
inch high, similar in structure 
to that shown in Fig. 29. 
Later the sponge branches in 
a complicated way, forming a 
reticulate sponge body with 
several oscula. 

In Sycon, a Brit- 
ish sponge to be 
Fig. 31. — Cross-section tlirougli part found On the south coast, there 
of the wall of a Sycon. -g g^-jp single Central 

«, IncuiTcnt canal ; the collar cells of the chamber, but the Wall is mUch 
radial chambers are shown by short .i • i ip ,i . i 

parallel lines (after Korschelt and tl^ickcr, and from the Central 

Heidor). cavity lateral branches extend 

regularly and radially into the 
wall ; the flagellate collar cells are now restricted to these 
radial extensions of the central cavity, which is itself lined 
merely by flattened endodermal cells (Fig. 31). 

A further complication is introduced by the outer skin 
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cells being joushed in between two adjacent flagellate chambers, 
so that the external lateral pores open into a long narrow 
cavity which runs inwards between the flagellate chambers, 
and communicates with them laterally (Fig. 31. a). The 
water sucked in by the inhalent pores then passes down an 
incurrent canal, then on into a flagellate chamber, and finally 
into the central cavitj^ and out of the osculum. 

In Sycons, as in Ascons, many spicules are present which 
arc calcareous, but they arc four-rayed, or consist of ncedlc- 
likc structures pointed at both ends. 

Zlfcon ciliaium is very common round our coasts ; it forms 
little whitish oval sacs one or two inches high, with a ring of 
silvery spievdes round the osculum. 

Sj/co7i, Olathrina, and Gh'antia all belong to the class 
Calcareo.j which includes all those sponges in which the 
spicules are formed of carbonate of lime. 

Six-rayed or Certain sponges are known as Sw>rayecl or 

Glassy glassy sponges^ because the spicules are siliceous 
Sponges, instead of being calcareous, and they are typically 
six-rayed, though modifications of the six-rayed type may 
occur. These are all deep-sea forms, and are moored to the 
sea floor by a tuft of rooting spicules. Many of them have 
a very beautiful symmetrical structure, such as is seen in 
the well-known Venus’ Flower-basket. In these forms, as in 
Sycon, the body-ca^dty is comparatively simple, with a single 
central space and thimble-shaped lateral extensions of it in 
the body-wall. 

Common Common Sponges {Demospongiae)^ the struc- 

Sponges. much more complicated, owing to the 

fact that the flagellate radial chambers, which 
extend from the central cavity, have become narrower and 
branched; also, in many, the flagellate cells haAm become 
confined to special little chambers in the radial canals. 

Further complication is introduced by the original simple 
body having become much branched and all the branches 
having fused together, so that there may be a great many 
oscula scattered over the surface of the sponge as Avell as the 
very numerous smaller inhalent pores. 

In most of these complex sponges the skeletal 
'Sponges consists of siliceous spicules, Avith one or four 

rays. These may occur alone or combined Avith a 
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network of horny or silky threads, formed of a substance 
known as spongin. In common Bath SjKriiges the spongin 
alone is present, forming the tough supporting skeleton which 
we buy as a toilet sponge. 

In the best cup-shaped Turkey sponges these fibres are 
specially soft and fine, and the pores are so small that we 
do not find in them the sand and shells which so often get 
lodged inside the larger, coarser bath sponges. . 

These sponges all live in deep water, whence they are 
obtained by divers, or by means of long-handled pronged 
forks with which they are speared from boats. The living 
sponges are covei-ed and penetrated throughout by the slimy 
living tissues, and it is only after these have decayed and- 
the horny skeleton has been washed free from them, that the 
sponge is ready for household use. 

F h ate 'J-'^^re are two British freshwater si^onges, both 
Sp^o^es^^ of which are peculiar in developing abundance of 
chlorophyll ^ if growing in a light spot ; if in the 
shade, they are a buff colour. 

Ephydatia ( = Spongilla) fiimatilis is often very abundant in 
rivers and canals, forming massive, dull green or yellow, slimy 
encrustations on any old submerged timber, or growing on 
the banks ; sometimes its surface is produced into a number 
of short leaf-like lobes. In the autumn it produces freely 
by means of “ gemmules ’’ (see below). 

Spongilla lacustris^ the Pond Sponge, also forms encrusting 
masses, but from these grow out oval or fingei'-like processes. 
It is a brighter green than the Piver Sponge, and its substance 
is denser and is made of coarser fibres. 

Eeproduc- Since these big complex sponges are formed by 

tion in the branching of a simple sac-like form, they may 
Sponges, be looked upon as formed of a colony of sponge 
individuals, living together in a united mass. Sometimes a 
little group of cells will become detached from such a sponge 
as a bud or gemmide, which Avill develop into a new separate 
individual ; this is specially frequent in the common green 
freshwater sponge, Spongilla, where each gemmule is about 
the size of a piids head, and is surrounded by a thick horny 
capsule strengthened by siliceous spicules. Inside this cap- 
sule the gemmule persists through the winter, giving rise to 
^ See footnote, p. 28. 
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a new sponge in the spring. If one such gemmule is re- 
moved from the parent, and kept in a covered watch-glass 
of water in a siinn}^ spot, after a few days an active ^mung 
sponge will be obtained, which is so transparent that the 
currents of water passing through its body can be readily 
traced if the water is coloured with carmine. 

Sponges also multiply by a sexual process similar to that 
in Plydra, ix. as a result of the fertilisation of an egg cell by 
a sperm cell. The gametes are developed in the mesogloea, 
usuall};^ in the autumn, and the egg remains hidden in the 
tissues of the during the first stages of its develop- 

ment, making its way out of an osculum as an independent 
organism only when it has developed into an oval multi- 
cellular ciliated body ; this young form swims freely in the 
water for several days, but it finally fixes itself to some 
object, and for the rest of its life lives a stationary existence, 
gradually growing into a complex sponge like its parent. 

The Source power possessed by sponges of extracting 

of Silica in silica from the water in which they live is re- 

Sponges. markable, for the amount of this found in solution 
in sea- water is very insignificant, being about parts of 
.silica in 100,000 of water. It is said that to form 1 oz. of 
the spicules at least one ton of water must pass through 
the body of the sponge. The same power of extracting the 
silica is also exercised by certain Protozoa (the Eadiolaria), 
and by the little microscopic plant forms, the Diatoms. It 
is interesting to note that the formation of the flints so often 
found embedded in chalk rock is said to be connected with 
the remains of sponges. 

Relation- clear from the above account that Porifera 

ships of resemble Coelenterata in having the two tissues, 
the Porifera. ectoderm and endoderm, well developed, and in 
having mesogloea separating them ; yet they are peculiar in 
very many points, such as the presence of inhalent pores and 
oscula, the course of the water current in the body, the posses- 
sion of the singular “ collar cells,'' and the characteristic sponge 
spicules formed in the mesogloea of most of them. Hence 
they are classed in a se]3arate phylum. Probably they have 
been quite independently derived from a Protozoan ancestor, 
and are more primitive than Coelenterates, though they 
have been described here after the lattex’, for their very 
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peculiar structure is then more evident and is more fully 
ap|)reciated. Their connection with the Protozoa becomes 
more apparent when the order of the Ghoanojlagellata 
amongst the Protozoa is studied,^ for these forms have the 
same curious collar ’’ round the base of the flagellum which 
is so characteristic of the flagellate cells in Sponges ; also 
in one Protozoan form, Protero-si^ongia,^ a number of indi- 
viduals are united together in an irregular fiat colony by a 
gelatinous substance, those individuals on the outside being 
all typical collared flagellate forms, whilst those in the centre 
are non- flagellate and have amoeboid movement. Such 
Amoeboid cells are also found in the mesogloea of Sponges. 
Sponges, however, are much more advanced and complex 
than any Protozoa, and differ from them in the important 
characteristic of their mode of development from an egg cell, 
in which they approach the Coelenterates, though they are 
too peculiar in other ways, as has been shown, to be classed 
with them. 

Classification of the Sponges mentioned in ChapAer IV. 

Class 1. Calcarea. — Marine Calcareous Sponges. 

Gi'antia compressa^ the Purse Sponge. 

Clathrina hlanca, the White Lattice Sponge. 

Sycon ciliatum^ the Ciliated Sycon. 

II. Hexactinellida. — Six-rayed or Glassy Sponges. 

Eiqolectella aspergillum^ Yenus’ Flower-basket. 

III. Demospongiae. — Common Sponges. 

(1) Those with siliceous spicules which may have 1-4 rays 
but never 6. They may have also a su^Dportive skeleton of 
horny or silky threads of Spongin. 

Halichondria panicea^ the Bread-crumb Sjionge. 

Ephydatia (Spongilla) fluviatilis, the River Sponge. 

Ghalina ociUata. 

Gliona celata^ the Boring Sponge. 

(2) Those with a skeleton of horny “ sjDongin ” fibres alone. 

Euspongia officinalis^ the Turkey Cup Sponge. 

Hippospongia eguina^ the Common Bath Sponge. 

Practical Y^ork on Sponges 

1. Obtain a few small specimens of a freshwater sponge, and 
place them in a vessel of water. Drop in some line carmine 
^ See article “Protozoa,” E^icylopadia Britannica. 
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PHYLUM IV. : ECHINODEEMATA 

(Starfishes, Sea-urchixs, etc.) 

The Echinoderms arc multicellular animals, distinguished 
from the Coelenterates by the presence in them of a distinct 
body-cavity or coelom lying outside the digestive or alimentary 
canal, and containing the vital organs of the body. 

They are usually five-rayed and radiall}' symmetrical 
forms, with a skin hardened by small calcareous plates and 
spines. A unique character, found on I}’ in this phylum, is 
the presence of a peculiar water- vascular system, by means 
of which water can be taken into the body and pumped into 
the tube-feet,” which in many of the Echinoderms are the 
chief organs of locomotion. There is, however, no well-defined 
blood-vascular or excretory system. The phylum is large and 
varied, and is divided into five classes, all of which are 
marine. 


Class I. : ASTEROIDEA 
Type : The Common Starfish {Astenas rubens). 

This Starfish is well known on our coasts, and can bo easily 
recognised by its five thick rays or arms, covered with little 
limy plates bearing small spines ; one speciall}' 'svoll-markod 
line of spines runs down the centre of the upper surface of 
each arm, thus distinguishing it from another species {Aslcvias 
glacialis)^ which has less numerous and larger spines arranged 
in three to five special lines down the arms. When lifted up, 
the arms of the Common Starfish droop limply, a character 
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which prevents it from being confused with the smallex’, stiff 
starfish Hcnricia, which is almost equally common. 

All these Starfishes live on the sea-floor, 
s\:^fa?e OA'er the rocks and sand amongst the 

seaweed. In essential structure all starfishes 
are very similar. The body consists of a central disc-like 
portion with five radiating arms, which are all alike both in 



Fig. 32 . — Asterias riibens (life-size). 

Dorsal view • one arm is raised to show the tube-feet, tf, on the ventral surface ; 
md, madreporite. 


external and internal structure, and all of which are equally 
capable of moving forwards and dragging the rest of the 
body after them. The surface of the body feels rough to the 
touch, for in the bodj^-wall are embedded very numerous small 
calcareous plates or “ ossicles,” which protect the body and 
yet do not impede its motion, as they can move freely one on 
another. Many of these plates bear small simple spines, and 
amongst these may be seen small pincer-like bodies mounted 
on short stalks ; these are known as “ pedicellariae ” (Fig. 
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33, ])) ; under a lens they can be seen snapping together 
and opening again, and it is thought their function may he to 
keep the body clear of the small particles of foreign matter 
that might so easily catch and accumulate between the spines. 

To one side of the central disc, between the bases of two 
arms, may be seen a small calcareous perforated plate known 
as the Madrejoorite (Fig. 33, md), the function of which is 
explained later (see p. 68). 

On turning the starfish over, it will be seen 
Jurf^c^^ that a deep groove runs from the tip of each 
arm to the centre of the disc where the large 
mouth is situated. Each groove contains two double rows 



Fig. 83. — Section tlirongh the Disc and one of the Arms of a Sta'rlish. 
(Diagrammatic. ) 

Tntlif ^Mouth ; a, anus ; p, pedicellariae ; if, tube-feet ; 5, respiratory A'esicles ; sc, stone 
canal ; md, madreporite ; g, generative organ ; Z, one brancli of digestive sac or 
f “liver-gland”; c, eye-spot. (Nervous sy.stein omitted.) 

of transj)arent finger-like ‘‘ tube-feet,” the tips of which form 
suckers, that enable a starfish to adhere very closely to a rock, 
and Avhich are also used in its characteristic slow motion 
over a vertical or horizontal surface. means of them the 
starfish can turn itself over if placed back downwards. 

These tube-feet vary greatly in length and shape, for they 
can be extended or contracted at will, owing to the action of 
the peculiar water- vascular system (see j). 68). 

Movement ^^^Fen the creature wishes to move in any 
special direction, the tube-feet of the arm on that 
side all extend and attach themselves to some object by the 
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suckers at their tips ; then, when firml}^ fixed, they contract 
and thus draw the body forward in the required direction ; 
thejT’ then become detached and the same performance is 
repeated. 

To understand more clearly the action of these tube-feet 
a knowledge of the internal structure of the creature is 
necessary. The best way of gaining this is by a simple 
dissection of a specimen.^ 

Internal Such a dissection will first of all disclose the 
structure, alimentary canal leading from the rather wide 
Alimentary niouth on the ventral side to a very minute 
Canal, aperture, the anus, near the centre of the dorsal 
surface (Fig, 33, a). This alimentary canal is by no means a 
uniform tube, but is modified into widely differing portions 
with varying functions. The mouth leads by a very short 
gullet into a large round stomach, just above which, at the 
base of the five arms, five large branches are given oft’ 
Each branch divides to form two long closed digestive sacs 
which lie in the cavity of the corresponding arm (Fig. 33, V). 
Two other small processes are given off from the intestine 

above the stomach near 
the anus, one of which 
is shown in Fig. 33. 

„ , The star- 
°° ‘ fish feeds on 
small sea-snails, also on 
oysters, scallops, mussels, 
and other bivalves. The 
fact that the latter forms 
may be too large for it 
to swallow is in no way 
a hindrance, for in such 
a case the starfish first 
Fig. 34. — View of a Starfisli {Echinasier) crawls right on to the 
cleyom-iug a Mussel. (From the Cam- ^ bivalve, then ' 

oridgc jSatural History.) ^ ’ 

_ ^ ^ pulls asunder the two 

a, The madreporite. i i t 

valves With its suckers, 
and finally protrudes its stomach right through its own mouth, 
turning it inside out and spreading it over its prey, so that it 
partially digests its food outside of its body instead of inside 1 
^ See practical notes, page 76. 
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General Body- The cavity siUTOunding the alimentary canal 
cavity and is the body-cavity or “ coelom/’ in which lie all 
its Contents. other organs of the body. These are found 
to have a radial symmetry corresponding to the external 
symmetry ; e.g. there is a water-vascidar system and a nervous 
system^ each including a circum-oral ring and a radial extension 
into each arm. (These are omitted in Tig. 33.) Each radial 
nerve-cord is connected with a little red eye-spot lying just below 
the minute tentacle below the tip of each arm, and frequently 
exposed by the upturning of the arm (Fig. 33, e). The eye-spot 
is a complex structure consisting of from one to two hundred 
little cup-shaped pockets, lined with visual cells and pigment. 

The generative organs are likewise radially arranged, though 
they alternate with the arms instead of corresponding with 
them in position. The sexes are distinct ; there are five 
pairs of ovaries or sperraaries in each individual in between 
the bases of the arms (Fig. 33, g) ] each pair has a separate 
duct which opens b}^ a pore on the dorsal surface of the body. 
The eggs are fertilised in the water after having been dis- 
charged from the ovary. 

Eespiration seems to be chiefly effected by 
means of little thin-walled outgrowths of the skin, 
which project from the upper surface and the sides of the 
starfish. They can be clearly seen when the starfish is under 
water (Fig. 33, h). The cavity of these is continuous with 
the body-cavity, and the oxygen from the sea-water can 
diffuse through them to the fluid which fills the body-cavity, 
and so pass to all parts of the body. There seems to be no 
definite blood-vascular system, though certain canals and 
spaces that occur were originally wrongly described as such. 
Water- Within the body-cavity will also be found the 
vascular curious water-vascular system on which depends 
System, action of the tube-feet, and which is only 

found in the group of the Echinoderms. 

Each tube-foot is seen to pass through the external body- 
wall and to swell inside into a little vesicle or “ampulla” 
(Fig. 33, tf). Each vesicle is connected by a very short tube to 
a radial canal which extends the whole length of the arm, and 
the five radial canals unite in a circular ring just above the 
mouth (Fig. 33, mth). This ring is known as the “ambulacra! 
ring,” and it connects with the exterior by a single tube with 


Respiration. 
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hard calcified walis, the done canal (Fig. 33, sc). The stone 
canal ends in the little 2)erforated plate, the madreporite, 
which will have already been observed in the external 
examination of the starfish. Through the madreporite, water 
enters and fills the whole system of tubes and ampullae ; the 
latter can be contracted at will, forcing the water from them 
into the tube-feet and so extending them ; then again by a 
contraction of the muscles of the tube-feet the water is 
driven back into the ampullae and the feet consequently 
contracted. In this way the tube-feet are brought into use in 
locomotion as explained previously. 

It is obvious from the foregoing account that 
' the radial structure which is so marked externally 
extends to nearly all the internal organs, the stone canal being 
the only important exception. This fact helps to explain the 
curious power of regeneration possessed by a starfish. It is 
well known that any arm detached from its body can grow 
into a fresh five-rayed creature once more, for it contains all 

the vital organs necessary 
for life and growth. 

Other Asteroidea. 

„ ^ Besides the 

Sun-stars. « 

common five- 

rayed starfish, we find 
on our coasts, living be- 
tween tide marks, the 
beautiful rosy Sun-stars 
(Solasier pajyposus), each 
having twelve or more 
short rays. In both Star- 
fish and Sun-stars and in 
all members of the class of 
the Echiuoderms known 
as Asteroidea, the digestive organ is prolonged into the arms. 



Fig. 35. 


-The Sim-star {Solader 2 }ui> 2 ^osuii). 

X . 


Class II. : OPHIUROIDEA 

Brittle-stars Briitle-stars or Opihiuroids differ from the 

■ Asteroids in their thinner, longer arms, which are 
sharply separated from the disc, and which contain no 
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prolongation of the digestive system, all the chief organs of 
the body being confined 
to the central disc. The 
arms are very flexible 
and yet at the same 
time brittle; the animal 
readily snaps them ofi'if 
annoyed. A brittle-star 
is altogether a much 
more active creature 
than a starfish, moving, 
not by means of its tube- 
feet, which in 0])limroich 
have probably a respir- 
atory function, but by 
the muscular move- ! . 

ments of its very active 36. -Common Brittle-star 

arms or rays. {OiMoihrm frag His). 



Class III. : ECHINOIDEA 


Sea-urchins. 


Sea-urchms, or Echinoids, occur plentifully on 
our coasts, and the small purple-tipped urchin 
{Echiims milians) can easily be kept alive in a sea- water tank. 

In these forms the body is no 
longer rayed, but is a^^ple- 
shaped, varying in horizontal 
diameter from several inches in 
the case of the Common Urchin 
{Echinus esculentus) to about 
one inch in the purple-tipped 
species which is common be- 
yond low-water mark on rocky 
coasts. 

In all Sea-urchins the body 
is covered with a continuous 
hard shell, except where soft skin surrounds the mouth. This 
shell is covered with many movable spines, and on these, with 
the aid of some of the five double rows of beautiful tube-feet 
which can be extended to a much greater length than in the star- 
fish, the Urchin crawls along the sea-bottom, mouth downwards. 



Fig. 37. 


— Shell of Sea-urchin with 
teeth protruding. 
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Eacli spine is concave at the base and the 
Spines and concavity fits over a little projecting knob on 
cellariae. shell, making a very flexible ball-and-socket 
joint which has a special muscle supifly. Amongst 
the spines which cover a sea-urchin’s shell are many little 
imlicdlariae which are more varied and more developed than 
those of a starfish (see pp. 64-5). 

Practically all have a rod-like base which articulates with 
a boss on the shell. This rod bears at its free tip three movable 
jaw-like pieces which vary considerably. Some, with flexible 
stalks, are beset with little teeth ; the use of this kind 
seems to be to protect the body from infection by the small 
active larvae of certain parasitic creatures ; before they can 
settle they are snapped up by these jaws and destroyed. 

In a second kind the stalk is stiff and the three jaws are 
twice as large as those described above, and each ends in a 
curved tip in connection with a poison gland below ; when 
attacked by such an enemy as a starfish these jaws are 
brought into play; they seize the tube-feet of the aggressor and 
cause it rapidly to retreat ; the jaws break off as the tube-feet 
are withdrawn, and consequently, if the starfish returns again 
and again to the attack, it sometimes happens finally that the 
Urchin has no weapons left and is at the mercy of its enemy. 

Much smaller pedicellariae function either in clearing away 
any particles of dirt that may fall between the spines or in 
holding small creatures that are of food value until they can be 
seized by the tube-feet and conveyed to 
the mouth. It is a curious and interesting 
sight to watch a live Sea-urchin and see all 
the little grappling organs at work, opening 
and then snapping together with great 
activity. 

Teeth niouth contains a com- 

plicated tooth-bearing structure 
consisting mainly of five chisel-edged teeth 
Fig. 38 . which, together with the calcareous ossicles 

“Aristotle’s Lantern.” which support them and the muscles which 
move them, form the structure known as 
Aristotlds lantern. Owing to the extensible soft membrane 
that surrounds the mouth, the ^‘Lantern” can be projected 
beyond it, and so the teeth can be given free play to crop 
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the sea-weed which, together with some animal matter, forms 
the food of the’ Urchin. This lantern is very complex, 
consisting of twenty-five separate pieces arranged in five sets 
of five. Its detailed description is out of place here, but it is 
an interesting piece of work to try to dissect it out entire 
and study its mechanism. 

Besides these two commonest Sea-urchins or Sea-eggs, 
which are more or less spherical in shape and radially sym- 
metrical, there are certain forms with a more flattened shell 
and bilateral symmetry which are known as Heart Urchins, 

These are usually to be found buried some 
U?chi^s deep in the mud or sand beyond low-water 

mark, each in little burrows opening to the water 
by a narrow channel. They .can be dug out with a spade. 

The commonest on our coast is Echinocarclinm cmlatum. 
When first exposed this species is covered with silky 
golden spines which lie fiat over the body, but the colour 
soon fades after death. The shell is oval, but flattened 
on the under surface; so across this, near the centre but 
slightly towards the 
front, depressed end of 
the shell, runs a curved 
mouth. There are no jaws 
forming a “ lantern ” here, 
for these creatures do not 
walk about cropping the 
seaweeds as do their more 
active relations, but remain 
more or less motionless in 
their burrows, sending up 
through the channel above 
them one of their specially 
long tube-feet ; this grasps 



what it can of the sur- _ 

f, . . 1 . Fig. 39. — The Heart Urchin [Echinocardium 

face sand which is rich in cordahi/ivi). Oral view ( x l). 

little living organisms, and 

brings the mixed morsel of food down to the groove which 
leads to the month, and to which it is carried by other tube- 
feet and finally swallowed.^ When the creature requires to 
move through the sand or to burrow in it, it uses the special 
^ See Cambridge Natural History ^ vol. i. p. 352. 
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long curved spines on the lower surface behind the mouth, 
the region known as the “plastron” (see Fig. 39). 

Sjxctcmgus gmrimreus is the Purple Heart Urchin, which 
inhabits deeper waters, though it is frequently cast ashore 
after a storm ; its colour and the greater length and curvature 
of its strong spines serve to distinguish it from the Common 
Heart Urchin. 

Cake The Cake Urchins are much flattened forms 
Urchins, in which some of the dorsal tube-feet are modified 
to form gills. The only British species is Echinocyamiis pusillus^ 
a little flat, oval creature not more than an inch across ; it is 
found in shallow, sandy waters. 

Class IV. : HOLOTHUEOIDEA 

Sea- The Echinoderms also include the curious tough- 
cucumbers. bodied Sea-cuciimhers or EvlotImrianSy which at first 
sight look like thick worms rather than relatives of the sea- 
urchins and starfishes. Nevertheless, 
on examination, they are found to 
possess isolated calcareous deposits in 
the leathery skin, and to have five rows 
of tube-feet down the elongated body, 
though these tube-feet are only very 
slightly retractile ; round the mouth, 
at one end of the body, is a circle 
of contractile tentacles ; there is there- 
fore an approach towards radial sym- 
metry externally, but this is obscure 
internally. 

The Sea-cueumber perhaps, most 
commonly found on our coasts is the 
little white or brown Gucimaria lactea 
(Fig. 40). These eurious little creatures 
live at the sea-bottom, usually beyond 
low-tide niark, crawling slovdy over the 
ground, and feeding on small molluscs 
and crustaceans which they catch on their sticky, slimy 
tentacles ; each tentacle in turn is pushed into the mouth, 
which closes on it, stripping it of all food matter as it is once 
more pulled out again. 



Fir,. 40. — Sea-cucnniber 
[Qiicumaria lactea). 

ic, Tentacles ; tf, tube-feet. 
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Another larger British deep-water form is the 
Cotton Spinner [Rolothuria nigra ) ; this may grow 
to the length of a foot, and has a dark brown upper 
side and a yellow lower side on which it crawls, only the tube- 
feet of the under side forming suckers to aid in locomotion. 
The “ Cotton Spinner has gained its name from its power of 
ejecting from its anus, when in danger, certain of its viscera; 
the mucus contained in some of these immediately swells 
up in the water and splits into a mass of white threads large 
enough to entangle a creature much larger than itself, and 
whilst its enemy struggles in its toils the spinner escapes. 
If left in peace it can subsequently repair the damage done 
to itself by this peculiar method of defensive self-mutilation. 

An allied British species, Synapta inhaerens, 
inhaerens obtained by digging in the sancl 

below low- tide mark; it is a pink, transparent 
worm-like creature with five narrow lighter longitudinal stripes. 
Its length is about 3 inches, and it has round the mouth a 
circle of twelve tentacles, each with six or seven papillae on 
either side. These tentacles seem to be nearly continuously feel- 
ing around for the small animals and plants on which Synapta 
feeds ; their clinging power can be felt if the papillae are 
touched, and microscopic investigation discloses little anchors 
of lime projecting from the skin which fix into any soft 
objects they touch. 

Sea-cucumbers are well knoAvn in China, where they are • 
called “ trepangs,” and form a much relished article of food. 

Class V. : CEINOIDEA 

Sea-lilies or other group of EchinoJerms is that 

Feather of the Feather Stars or Sea-lilies, the Crinoidea. 

Stars. This is a group which used to be much larger and 
more important in past ages ; now it consists of a few forms 
only, living at great depths in the sea. They are nearly 
all sedentary, consisting of calcareous disc-like bodies, with 
branched segmented arms surrounding the mouth on the 
upper side of the body. In these cases the discs are attached 
to some object by a segmented calcareous stalk, as in Fenta- 
crinus, one of the stalked “ Sea-lilies.” Some of them are 
stalked only when young, and move freely about when adults 
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with a creeping 



or gentle swimming motion ; such forms 
are found in comparatively shallow 
water — the Rosy Feather Star 
{Antedon rosacea) may be dredged 
up from a depth of only ten 
fathoms, round the south-west coast 
of England. Fig. 41 shows this 
form in its young stage when it is 
still attached by a stalk. Fig. 42 
shows an adult form anchoring itself 
to a rock by means of a whorl of 
little whip-like processes or “ cirri 
which spring from a small stump, 
all that the adult retains of its larval 




W 







Fig. 41. — Antcdon rosacea. 
Young stalked stage. (From 
the British Musc^tm Guide 
to the Starfish Gallery , ) 


■■■ 




Fig. 42. — Antcdon, Side view of adult 
animal. (Leuckart and Nitsche.) 


stalk. It can at will release its hold and swim away, 
waving its arms gently about, five being raised and five 
depressed with a regular rhythmical motion. 

Echinoderm Echinoderms have a very peculiar develop- 

develop- ment. From the egg arises a minute, ciliated, 
meut. free-swimming larva, with bilateral symmetry, 
which only gradually, by a very strange form of meta- 
morphosis, becomes converted into the adult form with radial 
symmetry. The study of the development is specially in- 
teresting, for it gives indications of the directions in which we 
may look for links between Echinoderms and other animals, 
but it is a study beyond the scope of this book, and the student 
is therefore referred to more comprehensive woiks.^ 

In many ways the Echinoderms form a very isolated 

^ The Canibridge Natural Jlistory^ vol. i. cliap. xxi. ; or A Text-Booh of 
Zoology^ by T. J. Parker and W. A. Has well. 
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group, the relationships of Avhich it is difiicult to trace 
with any cerfcainfc}^ An interesting probable link, however, 
between them and the Vertebrates may be seen in the 
curious burrowing worm-like form Balanoglossiis, which has 
a ciliated free-swimming larva almost identical with that 
found amongst Echinoderms, but which, nevertheless, loses 
any resemblance to this group in its adult stages, developing 
gill-slits and other features which seem to link it undoubtedl}^ 
with primitive vertebrate animals. 

Histo of Echinoderms are a very ancient group. 

EchinodXms related to modern Crinoids existed in the 

Cambrian and Ordovician seas, which they shared 
only vdth other primitive invertebrate types such as Sponges, 
Graptolites (primitive Hydrozoa, possibly), Brachiopods 
(Lamp-shells), Trilobites (Crustacea), and some Mollusca. 
Later, from Silurian to Carboniferous times, stalked Crinoids 
were so numerous that their remains formed great beds of 
limestone, but gradually they dwindled until only eight genera 
of this once very large and varied class now exist. As they 
dwindled, the Sea-urchins and Starfish, the more active and 
aggressive types, became more prominent, and their fossils 
are very plentiful in the Cretaceous rocks, and also their 
living representatives are very numerous to-day. 


Classification of Echinoderms mentioned in Chapter V, 

Class I. Asteroidea. — Asterias rnhens, the common Starfish. 

SolaBtcr imjiposxiSj the Sun-star. 

„ II. Ophiuroidea. — Oiohiothrix fragilis^ the Brittle-star. 

„ III. Echinoidea. — Echimis escxdentusj the Common Sea-urchin. 

Echinus oniliaris^ the Purple- tipped Urchin. 
Echinocardi'uni cordaimn^ the Heart Urchin. 
Spataxigus purjmrexis^ the Purple Heart 
Urchin. 

Echinocxjamus jmsillus, the Cake Urchin. 

„ IV. Holothuroidea. — Gucuniaria lactea^ the Sea-cucumber. 

Holothuria nigra, the Cotton Spinner. 
Bxjnapta inhaerens. 

„ V. Crinoidea. — Antedon rosacea, the Feather Star. 

Peniacrinns, a Sea-lily. 
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In the 


A small Starfish, not more than 2 inches across, and 
a Sea-urchin, still smaller, can be quite well kept 
■ * in the sea- water tank set up according to directions 

given on pp. 52-54. It is very important, however, not to over- 
crowd the tank ; indeed it is best to keep Echinoderms alone, as 
they may attack other inmates of the same tank. 

The Eosy Eeather Star may be easily obtained by dredging, 
and it is an interesting and hardy inhabitant of a tank. 

Both Starfishes and Sea-urchins can be fed on little sea 
molluscs, especially bivalves ; they will also eat pieces of raw fish. 
If fed when they are crawling up the glass front of the tank, the 
food can be pushed between them and the glass and their method 
of feeding observed. Careful observations should be made on the 
external structure and habits of the live creatures. 

Dissection covering the upper surface of the arms 

of a of a dead Starfish should be carefully cut away, leaving 
Starfish, intact the small central part bearing the anus and 
madreporifce. The form of the alimentary canal from mouth to 
anus can then be exposed by a little displacement of the structures 
which surround it. 

The five large digestive sacs should be lifted up to expose the 
five pairs of reproductive organs which lie below them but 
alternate with them in position. The stone canal should be 
found, and as many points of structure as possible which are 
mentioned in the preceding chapter should be verified. 

Specimens illustrative of each class of Echinoderms 


General 

Study. 


should be searched for at the seaside. Dredging is 
necessary to obtain Crinoids, but representatives of 
each of the other classes may be obtained in rock pools between 
tide-marks. Identifications can be made with the aid of Eorbes’s 
British Starfishes and other Echinodermata (1841), or by reference to 
A Handbook of the Echinoderms of the British Isles (Oxford Univ. 
Press, 1927, 38s.). 
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PHYLUM Y. : ANNELIDA OE EINGED WOEMS 

This group is one which used to be united with the Flat- 
worms, Thread-worms, and Eibbon-worms in the one large 
phylum Yermes, for there is a decided superficial resemblance 
between all these “ worms/^ Examination, however, of their 
internal structure has disclosed such marked differences that 
they are now grouped in four different phyla. . 

The Annelida are here considered first, because. they are 
by far the best knoAvn, including as they do common Earth- 
worms, Sea-worms, and Leeches. 

They are all characterised by the elongated ringed body, 
the segmentation being not merely external, but extending to 
many of the internal organs. The coelom is well developed 
and segmented, definite blood- vascular and nervous systems 
are present, as well as very peculiar and distinctive paired 
excretory organs (nephridia) which may be repeated in each 
segment. 

The onl}^ two ckosses of the Annelids that will be dealt 
with here are the Chaetopoda (the Bristle-worms) and the 
Hirudinea (the Leeches). 

Class I. : CHAETOPODA 
(The Bristle-footed Binged Worms) 

Tyi^e : The Earthworm (Limhricus terresiris). 

Habitat Earthworms are ver}^ widely distributed, and 
this sjDccial genus, LimbriciiSj h common to North 
America, Europe, and N orth Asia. They are^ also to be found 
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in very varied situationSj and do not seem to mind whether 
the soil they live in is rich or poor so long as it is moist. 

Moisture is an essential 
condition for their life, 
exposure to drought kill- 
ing them most rapidly. 
They are therefore rare in 
dry sandy soil, and most 
common in a damp soil 
covered with shortvegeta- 
tion which protects the 
surface from the heat of 
the sun. 

Eternal. , The body is 
Appearance 1^^§ and nar- 
and row, shaped 
structure, ^ 

der, but tapering at each 
end, especially in front. 
It is covered with a soft, 
naked, slimy skin, which 
is slightly iridescent, 
o\nng to the fact that 
it is very finely striated. 
The red colour of a worm 
is due to the flesh below 
being reddened by its 
blood supply and showing 
through the transparent 
skin ; the colour is darker dorsally than ven trail}’ ; the chief 
blood-vessel of the Tody can be clearly seen as a thin red 
line running from head to tail along the back : a ventral 
vessel is also distinguishable running below the alimentary 
canal. 

The body is marked with a great number (120 to 180) 
of circular grooves. These external rings coiTespond to an 
internal segmentation of the body into chambers by delicate 
transverse plates of skin, most of the organs in one such 
chamber being duplicated in the next, so that the segmenta- 
tion in these worms is not merely superficial, but extends 
to many of the vital organs of the body. Below the first 



Fig. 43. — Luruhricus terrestris. 

A, View from above. B, View from tlie side. 
C, Egg cocoon. B, Two segments .seen from 
below to show the bristles or chaetae ; jn, 
mouth ; cZ, clitellum or “ saddle" ; a, anus. 
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segment is the mouth (Fig. 43, B, 7?i), a small crescent- 
I ‘ shaped aperture, whilst the anus is an oval aperture in the 
I last segment. 

i A little wa}?’ behind the head (segments 32 to 37, usually) 

the top and sides of the body are. somewhat thickened and 
swollen, forming the structure* known as the saddle or clifelluvi 
! . (Fig. 43, cl). This swelling is due to the presence in this 

I region of glands in the skin which secrete the mucous sub- 

!■ stance of which the egg capsule is made (see pp. 83-4). The 

I size and ajDpearan'ce of the clitellum vary at different times 

• . of the 3 mar, and in worms of different ages. 

Although at first sight the body of the worm appears 
smooth all over, if carefully examined the presence of four 
double rows of little bristles can easily be discovered, two 
rows placed ventrally and two laterally (Fig. 43, D). These 
can be seen if the worm is held up to the light and turned 
I round so that the light catches the projecting bristles, or they 

(. can even more readily be felt if the worm is gently- stroked 

from tail to head. These bristles, or “ chaetae ” as they 
I are technically called, are of great use in locomotion ; if a 

‘ Movement placed on a piece of rough paper its 

I ' method of movement can be easily observed. It 

j is seen to stretch out the front part of its body, making it 

^ longer and thinner ; the bristles are retracted and disappear 

, from sight ; next it contracts the front end, at the same 

I time pressing the front bristles into the rough surface of the 

I paper so that the body cannot slip back ; as this takes place 

I the hinder part lengthens, becomes free from the substratum, 

! and is drawn up nearer to the head, and so alternate waves 

j of elongation and contraction pass down the body, resulting 

in a forward movement of the whole body. The retraction 

' and protrusion of the bristles can be seen, and the slight 

I scratching made as they move over the paper is clearly 

audible. 

The power to move the body in this way is due to the 
development of special layers of muscles which lie just vdthin 
the body- wall and are attached to it. One layer, that next 
below the skin, consists of muscles which run round the body, 
the circular muscles ; these by their contraction, at any 
part of the body, cause that part to become longer and 
r thinner. Within this layer is another of muscle fibres 
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running longitudinally, which by their contraction cause the 
bod}^ to shorten and thicken. 

Earthworms live in burrows that run do\^Ti 
BiSow perpendicularly into the earth. These, 

in very dry or cold weather, may penetrate to a 
depth of 6 or 7 feet, .but usually end at about 18 to 20 
inches below the surface. The burrow is made, if in soft 
soil, mainlj' by the mere pushing of the body through the 
earth, the thin tapering head end being inserted into some 
tiii}^ crevice, and then the cre'sdce enlarged by the swelling of 
the bod}^ ; the habit of earthworms of swallowing soil aids 
also in the making of the burrow, especially in very compact 
soil. If the earth contains any organic matter this is absorbed 
as food, and the remaining soil is usually ejected at the surface 
of the ground from the end of the body, forming the well- 
known “worm castings.^^ Sometimes some of the soil as it 
is ejected is pressed by the flattened tail against the sides of 
the burrow, and, being mixed with a viscid secretion from 
the worm’s body, it forms a smooth Arm lining to the tunnel 
which can easily be seen if a dry clod of earth, frequented by 
worms, is carefully broken in two. A liquid is said also to 
exude from the skin, which is antiseptic and protects the 
.worm from any harmful bacteria in the soil. 

The worms live in these burrows, rarely leaving them, 
except after very heavy rain, when the}" are said to desert 
them entirely, and to make fresh burrows. During the day- 
time they remain hidden, but at night they are very active, 
coming almost entirely out of their retreats, the tail just 
being kept in the mouth of the burrow so that at the 
slightest alarm a dart can quickly be made back into shelter. 
It is at this time that they obtain their supply of leaf 

Food food' They move the exposed ends of their 
bodies over the ground all around until they touch 
some desirable object, such as a fallen leaf or flower. This 
they seize between upper and lower lip, and by a sucking 
action of the mouth the leaf is held and then dravm down 
into the burrow to a depth of two or three inches. There it 
is moistened with an alkaline fluid secreted by the skin, 
which discolours and softens it, acting on the starchy and 
proteid contents of the leaf, so that they are actually partially 
digested before being taken into the soft mouth, an unusual 
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procedure, apparent!}'' necessitated here by the dry hard 
nature of the fallen leaves which form a large part of tlie food 
of worms, especially during the autumn months. 

At other times of the year, or in spots where leaves are 
scarce, worms seem to subsist almost entirely on the nourish- 
ment they obtain from the soil which they swallow. Most 
surface soil contains many minute spores, ova, seeds, larvae, 
and small living or dead creatures, all of which come as “grist” 
to the earthworm’s “mill,” for any necessary grinding of the 
food takes place in the hard-walled muscular “gizzard,” an 
enlargement of the alimentary canal corresponding to a 
stomach, lying within segments 16 to 20 of the body. When 
a worm is feeding in this way, the “ castings ” on the surface 
are very numerous, whilst, where leaf food is plentiful, the 
castings are fewer and less conspicuous. 

The Plug- Besides obtaining leaves for food during the 
gingofthe night, worms often actively exert themselves in 

Burrows, plugging up the mouth of their barrows with 
leaf-stalks, leaves, or even small stones — the rustling of the 
dry leaves as they are drawn over the ground is sometimes 
distinctly audible ; this is most noticeable in the autumn or 
early winter, and the habit is probably chiefly a protection 
against cold ; in the summer, too, it lessens the danger of 
the burrows becoming too dry during the hot days, and also 
excludes certain enemies of the worm, such as parasitic flies, 
which might enter the burrow from above. 

A most interesting account of the way in which the leaves 
are pulled into the burrows is given by Charles Darwin 
in his book. Vegetable Mould and Earthwoims. From his 
numerous observations and experiments on this point, Darwin 
concluded that worms showa certain degree of intelligence in 
their mode of action, for a leaf is not at once drawn in, by 
whichever side happens to be nearest, but only after having 
been felt over by the sensitive head end of the worm’s body. 
It is then nearly always seized by its narrowest part, which 
is usually, but not invariably, the apex of the leaf, and so 
the leaves are used in the most easy and effective way as a 
]Dlug for the burrow. Often leaves are used to line the mouth 
of the burrow to a depth of several inches, possibly to protect 
the body of the worm from becoming unduly chilled by con- 
tinual contact with the cold damp earth. Darwin describes 
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cases in which the needle-like leaves of the Scotch pine were 
used for this purpose j each pair of leaves was drawn in hy its 
fused base and then the sharp tips of the separate leaves 
were pressed back into the earth, so that they should not 
hinder the free movement of the body. Worms often lie for 
many hours just inside the mouth of their open burrows, and 
they are apt to do this especially in the early morning hours, 
probably in order to enjoy the w^armth of the sun ; this 
habit leads to their detection and large destruction by birds. 
“ It is the early bird that gets the worm.^^ 

Each burrow terminates usually in a little enlargement 
which is lined with tiny pebbles or hard seeds, and into this 
chamber the worm retires for the winter months or during 
any prolonged drought in the summer. Sometimes several 
worms remain coiled together during the ‘winter. 

. The need of a moist environment is a very real 

^ * one to worms. It is absolutely essential that their 

skins should be kept damp, since there are no sj^ecial re- 
spiratory organs, and the aeration of the blood takes place 
directly through the skin. There are two chief longitudinal 
blood-vessels, both of which can be seen through the trans- 
parent skin ; the dorsal vessel runs the whole length of the 
body above the alimentary canal, and the ventral vessel 
below it. In each segment, two blood-vessels pass off 
from the ventral vessel, carrying impure blood to the skin, 
where it is oxygenated. The purified blood then flows 
through other vessels to the various organs of the body, 
and finally is carried to the dorsal vessel, in -svhich it passes 
forward and is pumped by five pairs of short contractile 
vessels, lying on either side of the alimentary canal in 
segments 7 to 11, into the ventral vessel again, whence it is 
once more carried to the skin. The five pairs of contractile 
vessels are known as the five pairs of hearts. 

The hloocl is red, containing haemoglobin, the substance 
present in the red blood-corpuscles of vertebrate animals ; but 
in the worm it is not in special corpuscles, but is dissolved in 
the general fluid or serum of the blood, there being only 
white corpuscles floating in the red fluid. 

It is the haemoglobin which holds the oxygen and carries 
it to the different parts of the body, and such an “ oxygen- 
carrier’’ is specially essential to animals which may suffer 
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from ii sccarcity of oxygen in their environment, or which 
have small respiratory surfaces. 

„ There are no special sense org-ans in worms. 

S6I1S6S* . • • ^ 

The only sense which is highly developed is that 
of touchy which is possessed by the whole surface of the body, 
so that the lightest touch, or any very small vibration of the 
soil, seems to be perceived by them. This is no doubt of ad- 
vantage in warning them of the approach of such a ferocious 
enemy as a mole, although on the other hand it does not 
seem sufficient to cause them to withdraw deep into their 
burrows when a thrush alights on the ground near them. 

A worm has no eyeSy but all its front segments are specially 
sensitive to a change in illumination, this sensitiveness being 
shared to some extent by the whole body. That they have 
some sense of iuste seems indicated by the preference they 
show for certain foods, e.g. onions and celery, and the ease 
with which they find such food suggests some sense of smelly 
although Darwin^s experiments, in which he tested them 
with various strong-smelling substances such as paraffin and 
tobacco, prove that the sense is decidedly weak, at any rate 
for any odours that are strange to them. In the sense of 
hearing they seem entirely deficient. 

The nervous system is much more highly organ- 

SystTm^ ised here than in any Coelenterate. Eadial sym- 
metry has now given place to bilateral symmetry. 
We now have a creature with head and tail, with right and left 
sides, and correlated with this change of form we find the 
change from a radially symmetrical nervous system to one in 
which there is a centralised paired mass (ganglion) of nerve 
cells now known as the brain. This brain lies above the 
alimentary canal in the third segment of the body, and from 
it two short cords of nerve fibres pass down, one- on either 
side of the oesophagus, the two uniting below to form a 
double ventral nerve cord which runs the whole length of 
the body below the alimentary canal, with a swelling in the 
middle of each segment. From this cord three pairs of 
lateral nerves arise in each segment. 

Worms are hermaphrodite (see p. 30). but in 
hermaphrodite flowers, cross-fertilisa- 
tion and not self-fertilisation is the rule. 

After mating has taken place, each worm secretes from 
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the glands in the “clitellum” a quantity of mucus con- 
taining a horny substance which hardens on exposure to 
the air. Out of the ring so formed the worm slips back- 
wards, depositing in it, as it does so, three or four eggs 
from the ovaries which communicate with the exterior b}^ 
little pores in segment 14, and also a number of sperm cells 
which have been obtained previously from another individual, 
but temporarily stored in this worm in certain little recep- 
tacles in segments 9 and 10. With the ova and sperms is 
deposited some albuminous food-stuff on which the young, 
worms will feed during their early development. 

As soon as the body of the worm is withdrawn the two 
ends of the “ cocoon ” close, shutting in the contents. The 
cocoons are at first white, but soon turn yellow or brown. 
One end is rounded and the other usually somewhat dravm 
out (Fig. 43, G). Although there may be several eggs in the 
cocoon, only one, as a rule, completes its development, grow- 
ing at the expense of the others. The little worm is perfect, 
though minute, when it makes its way out of the cocoon. 

.pjie Most dangerous of the enemies of worms are 
Enemies those birds such as the thrush and blackbird, as 
of Worms, as many smaller birds, which pull the worms 
out of their burrows, and devour an enormous number of 
them. When venturing above ground, they constantly fall 
a prey also to hedgehogs, toads, frogs, lizards, and many other 
creatures who, living mainly on insects, have recourse at times 
to worms to supplement their otherwise somewhat unsub- 
stantial diet. Some beetles, such as the “Devil’s Coach-horse” 
(see p. 281), feed largely on them. Some centijDedes, and 
the little carnivorous shell-bearing slug Testacellay follow and 
attack them underground, as does also the mole — the tiger of 
the underworld — a creature needing apparently a vast amount 
of food to enable it to live its extremely active life, and finding 
a large proportion of this food in the worms Vv^hich inhabit 
the same strata of soil as itself. 

In speaking of the dangers to which earth- 
exposed, it is interesting to note the 
very great power of regeneration of tissues and re- 
covery from wounds that they jDossess. The loss of any 
number of segments from the back end of the body can be 
made good, the lost segments being regenerated from a special 
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tissue which arises at the cut surface. The new part can usually 

be easily detected by its paler colour and reduced diameter. 

According to Kescheler/ the complete regeneration of the 

front segments on the hinder severed portion is more doubtful, 

though this may occur, at any rate in some cases when only 

four or five of the head segments are lost, even the oesophageal 

nerve ring and “brain’’ being then re-formed. 

... . The value of the effect of the activities of 

Action of 1 *1 1 m 1 • T 

Earth- worms on the soil can hardly be overestimated. 

worms on ft is most important for plant life that the soil 
the Soil, gj^ould be kept loose and open, so that it can be 
readily penetrated by the air, which is essential for the healthy 
growth of the roots, and also for the activity of the bacteria 
in the soil which prepare the food-salts in it for the plant. 

Worms, by their burrows, which are constantly falling in 
and having to be replaced by new ones, loosen the earth and 
make it possible for air to enter even into hard soils. Their 
burrows also bring about a good drainage of the soil, jDre- 
venting it from becoming too wet and heavy for vegetation. 
Further, by their habit of swallowing soil at different depths 
and then ejecting it in a finely divided state at the surface, 
they prepare it in an excellent way for the growth of young 
seedlings and shallow-rooted plants. 

They add to the richness of the earth by dragging down 
leaves, which are then more rapidly decomposed than they 




would have been on the surface. 

The work done by worms in bringing up the earth from 
the lower layers of soil and spreading it on the surface in 
the form of castings was studied in much detail by Charles 
Darwin, avIio ^cives in his book ^ a full account of the experi- 
ments he performed. It is well known that any layer of 
stones or lime left on the surface of a field in time becomes 
covered with a layer of rich dark earth, and Darwin examined 
special cases of this with the following results : — 

(1) In a field of good pasture land, after nearly 15 years 
it was found that a layer of quicklime that had been spread 
over the surface 'was now nearly 4 inches below it. Mould 
of an average thickness of *22 of an inch had been brought 
up annually by the "worms. 

^ Kesclieler, yiertcljaiiraschr. Eat. Oesellsch. xlii., Zurich, 1897. 

^ VcgctaUc Mould OAid JHarlhwoi'mSj chap. iii. 
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(2) A piece of swampy waste land was drained and 
ploughed, covered with a layer of burnt marl and cinders, and 
sown with grass. After 21 jesxs this layer was still dis- 
tinguishable at a depth of 4 to 5 inches below the surface, the 
average annual inci^ease of the surface layer being *19 of an inch. 

(3) In a chalky district where the chalk was overlaid with 
6 to 14 feet of stiff red clay and this covered by a few inches 
of dark mould, a surface layer of broken chalk was added ; 
after 29 years this layer was found 7 inches below the surface, 
mould ha-vdng in this case also been thrown up at the rate of 
*22 inch a year. 

It is obvious that worms affect the siuiace of the land in 
two ways : they actually bring up soil as castings, and cover 
vdth it the objects on the surface ; also they undermine the 
ground below any object with their burrows and so cause 
it to sink, so that there is an actual change in its level. In 
this way they have doubtless played a considerable part in 
causing the subsidence and burial of old Eoman and other 
remains.^ 

The number of worms living below a given area of ground 
is very large. In garden soil, where they are specially numer- 
ous, it has been calculated that there are over 50,000 to an 
acre. In such a situation more than 10 tons of earth will pass 
through their bodies and be cast up at the surface in one year, 
and this in 10 years would form a layer of finely divided 
surface soil at least 2 inches deep. The formation of new 
surface soil by them does not, however, go on continuously at 
this rate, for since earthworms find their food chiefly in the 
richer surface soil, when they have burrowed in this and formed 
a layer of 7 to 12 inches thick of their castings, they will 
continue to burrow in the same soil, passing it over and over 
again through their bodies. 

Worms also play some part in the breaking down of the 
rocks of the sub-soil, for, owing to the digestion of the leaves, 
acids similar to humic acids form in the intestine, pass out 
vnth the castings, and are washed down by the rain on to the 
rocks, disintegrating their surfaces. 

In many ways, therefore, worms affect the surface of the 
earth, making it more suitable for the growth of plant-life, and 
thus rendering a service of great value to man. As Darwin 

^ Ojp. cit. chap. V. 
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says in his concluding paragraph : ‘‘ AVhen we behold a wide 
turf-covered expanse ... it is a marvellous reflection that 
the whole of the superficial mould over any such expanse has 
passed, and will again pass, every few years, through the 
body of worms. The plough is one of the most ancient and 
most valuable of man’s inventions ; but long before he existed 
the land was in fact regularly ploughed and still continues 
to be thus ploughed by earthworms. It may be doubted 
whether there are many other animals which have played so 
important a part in the history of the world as have these 
lowly organised creatures.” 

Ei ver- w orms, or Eed-woi^ms ( Tuhifex rimdorum), 
thread-like aquatic forms, very common in 
shallow pools, streams, and rivers. The body is 
from i to inches long, and is bright red, owing to the 
transparency of the skin, which allows the blood-vessels and 
even the other internal organs to be clearly seen through it. 
They live in colonies in the soft mud below the water, and 
when undisturbed they will project their tails out of the mud, 
waving them about so that they form a red patch that quickly 
attracts attention ] if alarmed they at once retreat into their 
mud burrows. 

They breed very rapidly, and form a natural and excellent 
food for fish and other carnivorous aquatic creatures. 

To keep them healthily in captivity, they must be given 
plenty of soft mud in which to burrow, and the water above 
them must not be more than 3 or 4 inches deep. 

Earthworms and Eiver-worms are Chaetopod Annelids, or 
Bristle-footed Einged-worms, but there are other forms of the 
same class which differ from them in the greater complexity 
of their body - structure, though they still have the same 
characteristic bristles or chaetae. These are the marine 
worms which are described in the next chapter. 

Practical Work on Earthworms 

1. Earthworms should be kept in a “ wormery,” made of a box 
having one or two glass sides that can be covered or uncovered at 
will. This box should be about 1 2 inches deep ; it should be filled 
with soils of markedly difterent appearance, in ^veil-defined layers ; 
the way in which the lower soils are brought up to the surface 
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can tlien be observed. The earth should be pressed very firmly 
together and kept slightly damp. Food of different kinds should 
be left on the surface of the soil, and the treatment of it by the 
vrorms watched. Some of the worms are sure to make their 
burrows against the glass sides of the box if these are kejDt covered, 
and the structure and position of them should be noted. 

2. Dig up a few earthworms of difterent sizes and carefully 
examine them, verifying all the external characteristics mentioned 
in the preceding chapter. Feel the bristles and listen to the 
sound they make as the worm crawls over a piece of paper. Watch 
the movements of the body. 

3. Look for worms in a garden at night by the light of a lantern. 
Try to find out what the worms are doing. Are they sensitive to 
the light ? Test their sense of sound and of touch. Wark several 
burrows and visit them the next day ; look for any that are jdugged 
with leaves or stones and see how this is done. Try to trace one 
burrow down to its end. 

4. Examine worm castings, and, in some place where worms are 
plentiful, from a measured small area of soil collect all the castings 
day by day for a month, in order to see how much is brought up. 
Examine the nature of the soil of the castings. 

5. When digging, always look out for worm cocoons, and if 
found with eggs still within them, keep them carefully in nioul soil 
until the young worms hatch out. 

6. Bead ‘‘The Work of Earthworms’’ in T)ie Biology of the 
Seasons^ by J. A. Thomson ; also “ Concerning Lawns, and Earth- 
worms ” in The Booh of a Natimdistj by W. H. Hudson. 
Nelson. 2s.) 
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Class I, : CHAETOPODA (continued) 

The Bristle-worms of the Sea. 

These sea- worms differ from earthworms in several points, 
but d'esemble them in having the same type of segmented 
body, bearing bristles. Unlike earthworms, they have usually 
a distinct head, with eyes and feelers on it, and also well- 
marked breathing organs or gills, which project freely from 
their bodies, and which, in those genera which build round 
their bodies a hard tubular case, often form a conspicuous 
and beautiful frill, projecting at the free end of the tube. 
Further, the chaetae or bristles are in clusters, situated on 
definite stump-like projections of the body (parapodia) and 
forming, in the free-swimming worms, efficient little paddles. 
Because of this arrangement of the chaetae in clusters, these 
marine worms are called Polychaeta. 

Free-swim- Man}'' of the free-swimming sea-worms (Errantia) 
ming forms are common in rock pools or on the rocks left iin- 
(Errantia). covered by the tide. These forms are predatory and 
have sharp jaw-like structures in their mouths. The Paddle- 
worm {Phyllodoce lanielligera) is one of these (Fig. 44). It is a 
beautiful iridescent green form, with a body usually 8 to 12 
inches long, though it m^j be as much as 2 feet in length and 
half an inch across. It is commonly to be found lying under 
stones near low-tide mark. These worms are often called 
“leaf worms, because of the leaf-like paddles which develop 
on the bristle-stumps (parapodia), and form an overlapping 
row down each side of the body. 

Aphroditey the Sea Alouse, is also a free-swimming form, 
though it has too clumsy a sha23e to swim freely, but crawls 
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about at the bottom of deep muddy pools. It lives beyond 
low-tide mark but is sometimes thrown up into shallow water, 
and so is named after the G-reek goddess 
concerning whom the legend runs that she 
was born of the waves. The sea-mouse 
is peculiar on account of the thick covering 
of long fine hairs over the upper side of 
its flattened oval body, which may be as 
much as 6 inches long, but is usually a 
good deal smaller. The whole body is 
generally covered with mud when it is 
picked up, but if it is washed in a clean 
pool, the very beautiful iridescence of 
the hairs and bristles mil become ap- 
parent. 

Sedentary ^ large number of 

forms, the sea-worms are not ■ free- 
(Sedentaria).5-y^i[j^jjjij^g 13^^ sedentary { 8 ed- 
entaria or Tubicolae). For the protection 
of the body these worms form a tubular 
structure, which they either build up from 
the mud, sand, or shells around them, 
binding them together with a sticky sub- 
stance exuded from their own bodies, or 
they make the whole tube of a calcareous 
matter which they themselves secrete (e.g. 
Serpula, Fig. 49). In a few cases they 
merely burrow in the sand and mud. 

Fig. 44.— The Paddle- . The Common Lugworm or 

■worm {Phyllodoce emco a. (Arenicola marina), 

lamdliqera). X 1 -Linr. r i -l • 

“ used so much by hshermen for bait, is one 
of these burrowing forms. It is 8 or more inches long, 
and its colour is black or brownish-green, partly due to the 
large quantity of dark-coloured mud that it swallows in 
burrowing and from which it extracts its food. At every 
low tide on nearly every sandy and muddy sea-coast the 
presence of these lugworms^s, indicated by the great number 
of castings or “ sand-ropes lying on the surface. 

Terebella is a case-building form. One species, 
ere e a. g^nd Mason {T. conchilega)^ builds a little flexible 
tube of sand and pieces of shell, with a fringe of sandy threads 
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projecting from the upper end (Fig. 46); these may often be 
seen on a sandy shore above low-tide mark, the upper part only 
of the tube projecting vertically above the surrounding sand. 
It is interesting to watch these tubes being formed : the particles 
are seized by the delicate tentacles of the worm and passed 
into the mouth, where they are moistened by a secretion, and 
then placed in position at the margin of the tube by the 



Fig. 45. — Tlie Mud Masou {Terebdla { — Leprea) lapidaria). x 

A, The worm retracted within the sandy case of a Pectinaria; B, worm removed 
from the case, showing the long tentacles, the three pairs of branched gills, and 
the parapodia (bristle-stumps) down each side of the body. 

tentacles, helped by the lower lip of the worm. Terehella 
{Leprea) lapidaria forms mud tubes which lie horizontally 
under stones. The Terehella in Fig. 45 having been turned 
out of its own case, had taken up its abode temporarily in 
the tube of a Pectinaria^ an unusual occurrence. In each 
species the body may be entirely withdrawn into the tube, 
but when undisturbed there project from it three pairs of 
bright-red branched gills, which are attached to some of the 
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anterior segments of the body, and also many of the long 
thread-like feelers or tentacles. 

The Comb- worm {Pedinaria) also builds a 
Pectinaria. Terehella conchilega^ but 

smaller, neater, and more compact, and therefore not so 
flexible; also it has no marginal sandy fringe (Fig. 45, A), The 
worms themselves (Fig. 47) can be easily recognised by the two 
bunches of golden-coloured stiff bristles lying one on each side 
of the head; the short tentacles lie outside these bristles, and 




Fig. 46. — The upper end of the empty Fig. 47 . — Pectinaria removed 

tube of Terehella conchilega, from its tube. 

(From, the Cambridge Natural Jlistory . ) 

on either side below the head are two pairs of short bladder- 
like gills. The body ends in a little disc which closes the 
narrower end of the tube. By means of its bristles the worm 
burrows, head downwards, in the sand, the narrower end ,of 
the tube alone pi'ojecting above the surface. 

Sabella Scibella is a worm which builds a tube of mud. 

It is a social form, and clusters of the tubes of some 
species of Sabella often exist side by side, and, with the sand 
that gets washed in between them, cause the formation of 
such firm masses that they can only be removed with a 
hammer and chisel. The beautifully coloured gills are 
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Fig. 4S. — Sabella (jiavonina^) in its mnd tube (natural size) 
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arranged in the form of two spirally curved plates (Fig. 48). 
Between the bases of these two plates is the mouth. 

Serjnda secretes its own tube, which is formed 
Serpula. ^ calcareous substance given out by the body ; 
usually several of these white limy tubes are found together. 
These worms live in rather dee]D water, with tlie curved tubes 
attached to some rock at their lower ends, but with their 
upper, larger ends free. From the upper end project a pair 
of often brilliantly coloured, scarlet or blue, fan-like plates of 
gills, which are kept continually moving, driving a current of 
water, with the food it contains, into the mouth. When the 



Fig. 50. — Pomatoceros triqucter. 
Several attached to a rock (enlarged). 


worm withdraws into its tube, the mouth of the tube is closed 
by a special club-like structure called the operculum (seen 
projecting between the gills in Fig. 49). 

Pomatoceros triqueter, another very similar but 
oma oceros. form which secretes a curved limy tube, is 

far more common than Serqmla, It lives in shallow water 
between tide marks. The gills and operculum resemble those 
of Serqmla (Fig. 50). 

Sjmm'bis is another common but very much 
smaller form ; its little white spirally coiled tubes 
are very frequently found attached to bladderwrack seaweed 
and to the shells of other sea creatures (Fig. 51). 
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The sea-worms here mentioned are only a few representa- 
tives of the many to be found on our coasts. They have been 
chosen because they illustrate in some degree the variety of 
structure found amongst the Chaetopod worms and their 
powers of adaptation to different spheres of life. Earthworms 
are more or less protected by their underground habit, and 
since air is plentiful in their burrows and their skin is so thin 
as to be penetrable to it, they have no need of special respira- 
tory organs. Sea-worms, on the other hand, living exposed 
to the attacks of many enemies and being in many cases 
sedentary, need a protective tube, and this necessitates special 



Fig. 51 . — Spi'i'orhis horealis. 

A, Atlaclicd lo seaweed (nat. size). -B, One individual much enlarged. 


respiratory gills which they can project beyond the tube, and 
in which the blood is oxygenated. 

We are not accustomed perhaps to think of worms as 
things of beauty, and yet these sea-forms exhibit some of the 
most wonderful colours seen in the animal kingdom, and the 
study of them well repays both the artist and the naturalist. 

Class II. : HIRUDINEA or LEECHES 
(Ringed Worsis destitute of Bristles) 

Leeches are usually water-inhabiting creatures, though 
they are found also in damp earth. They swim through the 
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water with, an undulating motion of the flattened body, or 
move along the pond-bottom with a looping ’’ action, cling- 
ing to the ground with the suckers, of which there is one at 
each end of the body. 

The Horse Leech (Aulostomum (Ilaemopsis) gulo) is common 
in most ponds; the body is 3 or 4 inches long and may be half 
an inch broad, being wider at the base than at the head end. It 
is a greenish-black colour on the back and lighter underneath. 



Fig. 52. — Horse Leeches in Water. (Life size. ) 

The Medicinal ljQQG\\{Hiruclo meclicinalis) is also of a greenish 
colour, but has three yellow bands running along each side of 
its upper surface. This species does not now occur in our 
jDonds, and we only know those that are imjDorted from the 
Continent. 

The body in leeches is segmented ; the rings, 
Stmcture however, are sometimes very indistinct, each 
segment being subdivided by additional rings. 
At the hind end there is a large circular sucker which is 
used merely for adhesion, and there is also another sucker 
surrounding the mouth. Inside the mouth are three saw-like 
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jaws, wibh wliicli the creature, having fixed itself by its 
mouth-sucker to an animal, makes a small wound ; through 
this it can suck the blood of its victim, which may be almost 
any creature to which it can attach itselh 

Leeches lay eggs which are surrounded by 
^ ■ little transparent capsules, and are deposited on 

submerged water-weeds, or on the damp 
ground close to the water. The cocoon 
is formed in the same way as that of the 
earthworm, the two ends closing when 
the leech has slipped backwards out of 
it. The flattened grcenish-broAvn capsules 
of the Small Pond Leech [Nephelis vulgar is) 
are common on the under side of the leaves 
of water-plants. They are to be found 
during the summer months, from June to 
August, and the eggs hatch out in about 
six weeks. This leech attacks snails. 

In the preceding two 
otmmL chapters only a few of the 
very many and varied forms 
of worms have been described, and yet 
much variety and adaptation has become apparent. The 
group is one of special interest to the student of evolution also, 
for it seems possible that in it we may find those forms that 
will indicate to us some of the first of those steps by which, 
from such a lowly grade of life, those modifications have 
arisen which have led to the evolution of the back-boned or 
vertebrate type now dominant on the earth. 

At present the problem of the origin of the Vertebrates is 
quite unsolved, but when we come to consider their char- 
acteristics, we shall find they show a resemblance to Annelids 
in the segmentation to be traced in certain of the body 
tissues ; and the view that these two groups had a common 
origin is tenable in spite of certain serious difficulties, such 
as the difference in the relative position of the alimentaiy 
canal and the main nerve cord of the body* in the Annelids, 
as we have seen, the latter runs on the ventral side of the 
body, whilst in Vertebrates it is dorsal. 

A worm-like, burrowing creature, Balanoglosms^ which has 
some striking points in common with certain of the lowest 


Fig. 53. — Egg Capsules 
of Rephclis vulgaris. 

a, The marks where llie 
capsule has closed. 
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vertebrates, used formerly to be considered as allied to true 
worms, but an investigation into its larval history has 
disclosed distinct affinities with the Echinoderms,^ and suggests 
an ancestral link between this group and the Vertebrates. 
So the discussion of the vertebrate origin is further involved, 
for these two groups, with both of which it is possible the 
Vertebrates may have affinity, are in themselves strikingly 
dissimilar. 


Classification of the Annelida mentioned in Chapters VL and VIL 


Class I, Chaetopoda. — Bristle-worms. 

Sub-class 1. Oligochaeta. — Those with no definite “ liristle- 
stunips (parapoclia), but only a few single bristles on each 
segment. No distinct head. Chiefly land or freshwater 
forms. 


L^imhricus terrestrisj The Earthworm. 

Tuhifex rivulonim, The Kiver-worm. 

Sub-class 2. Polychaeta. — Those with definite parapodia, each 
usually bearing many long bristles. A definite head is 

present, bearing eyes and tentacles. Special filamentous 

gills are often developed. Chiefly marine forms. 

Fhyllodocej The Paddle-worm. 

Ajohrodite, The Sea-mouse. 

Arenicola^ The Lob-worm. 

Terehella^ The Mason- worm. 

Pectinaria^ The Comb-worm. 

Sahella ^ All tube-forming, and peculiar in having 
Serpula distinct thoracic and abdominal regions 

Pomatoceros in the body, marked by differences in 
Sinrorhis J the chaetae. 

Class II. Hirudinea. — Leeches. 

Hirudo medicinalisy The Medicinal Leech. 

Aulostomum {Haemopsis) gido, The Horse Leech. 
Neplielis vulgaris^ The Small Pond Leech. 


Practical Notes on Sea- worms and Leeches 

. Some of the marine bristle-worms are so beautiful 

^ ® ’ and so easy to keep for a time, that they should be 

studied in the sea-water tank as well as in their natural habitat. 
Sahella^ Terehella, and Pomatoceros are fairly easily found in 

^ See page 75. 
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comparatively shallow, water. Serpula inhabits deeper water, and 
dredging is usually necessary to obtain it.^ All these forms 
flourish in captivity for a time, if supplied with plenty of the 
microscopic food on which they feed. To ensure this, seaweed, 
fresh from the sea, should be occasionally rinsed in the water of 
the tank. It is best of course to keep these forms in a tank at the 
seaside, so that they can be returned to their native haunts after 
they have been kept in captivity awhile. 

Other Polychaets should be searched for in rock-pools. For the 
identification of specimens reference should be made to W. C. McIntosh’s 
British Annelids^ part ii., which deals fully with certain families of 
Marine Bristle- worms ; also the Cambridge Natural History^ vol. ii., 
should be consulted ; and the Plymouth Aquarium Guide is most 
useful for beginners. 

Horse Leeches may be brought back from a pond and 
iru mea. ^ short time, but the freshwater aquarium in 

which they are put must be carefully covered, otherwise they will 
escape. There must be no other inmates of the tank, as the leeches 
will attack even fish. 

^ Beautiful specimens arc obtainable from the Marine Biological 
Laboratory, Plymouth. 
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PHYLUM YL : PLATYHELMINTHES OE 
FLAT-WOEMS 



Flat-worms are small, rather worm-like creatures, with a soft, 
flattened, bilaterally symmetrical body, either unsegmented, 
or with segments as in the Cestoda (see p. 102). 

In members of this group we find three body-layers well 
developed, but, unlike true worms, they have no body-cavity 
or coelom outside the alimentary canal or gut ; the mesoderm 
forms a kind of connective tissue entirely filling the space' 
between the gut and the skin. 

Microscopic examination of stained preparations of the 
body reveals a fairly complex structure, with a specially 
peculiar excretory vascular system.^ 

Turbellaria best-known Flat-worms are the Turlellaria 

or Whirl- or “ Whirl-worms,’^ little forms never exceeding an 
worms. length, and often much smaller than this, 

which crawl over the ground like slugs, or swim by the 
whirling motion of the cilia which cover their bodies. Such 
whirl-worms are found both in sea-pools and in jDonds, where 
they are useful as scavengers, for they feed on dead animal 
matter. They have a much-branched digestive system, with 
three main branches to the gut in the freshwater forms, but 
more in many marine species. The alimentary canal is 
peculiar in having no anus. 

The commonest marine form is Le 2 :)toj)lana tremellaris (Fig. 
54), which is to be found under stones or seaweed when the 
tide is out. It has a flat, semi-transparent body, to 1 inch 
in length, which can either glide quickly over a surface, or swim 
freely in the water with a wave-like up-and-down motion. 

^ See Cambridge Natural History ^ 1896, vol. ii. pp. 25 and 41. 
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The only consjiicuous structures to be seen on the upper sur- 
face of the live creature, even with the aid of a strong lens, 
are : the four groups of minute dark e^m- 
spots, between these a clear oval body 
which is the brain, and, running longitu- 
dinally down the body, an irregular, some- 
times broken, streak ; this streak is the 
central part of the digestive system, from 
which many branches run out to the cir- 
cumference of the body. The cilia which 
cover the body can only be seen under a 
high magnifying power; by their con- 
stant m 0 vement they cause little whirlpools 
in the surrounding water. Lejyiojjlana 
is carnivorous ; its mouth is situated in 
about the centre of the under side of the 
body, and through it the large funnel-like 
pharynx (throat) can be protruded, dis- 
charging a digestive juice over the tissues 
of the body of its prey. The creatures are 
hermaphrodite but cross-fertilised. The 
eggs are laid in the spring or summer, and 

hatch in a few weeks. LejHojMna 
is an example of the ‘‘ poly clad Tur- 
bellarians, all of which are marine 
forms with many lateral branches 
to the stomach. 

Planar ia lactea is an equally 
common Turbellarian, but found in 
fresh water ; it is a “ triclad ” Tur- 
bellarian, Le. one with only three 
main branches to the stomach (see 
Fig. 55). Like Leiytojokma^ it glides 
along, but it may move also with a 
looping motion, fixing the front end 
(Diagrammcatic. x 2.) (From ]3ody by means of a sucker on 

^mstonPyYi!) the lower surface of the head, and 

^ , ,, then drawing the body up behind. 

it IS about f of an inch long, 

'Mesostoma ehrenbergii, another leaf -like Turbellarian 
common in ponds, is a type of those with a straight, rod-like 


Fig. 54. — LeptojEina 
ircincllaris, x 3. 
(Upper surface.) 



Fig. 55. — Plaiiaria loxtca. 
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alimentaiy canal. Its oval bod_y is about half an inch long, 
and is pointed at both ends. It lives in the water, gliding 
over the water-weeds in search of the small worms and insect 
larvae on which it feeds. 

The Trematodo. are Flat-worms which, unlike 
Turbellaria, are parasitic, and are not usually 
’ ciliated. The body is provided with suckers 
with Avhich the Trematod clings to its prey. The Liver- 
fluke of the sheep (Distomum hepaticum) is one of these. 
It has an extraordinary life-history, living part of its life 
within the body of a water-snail {Limnaeci truncatula) or of 
a land-snail and the other part inside the liver of 

a sheep. It passes out from the snail on to the grass, and is 
then swallowed by the sheep when it eats the grass. ^ 

The Tape-worms are also parasitic ; they have 

Cestoda. ^g^ally a long ribbon-like, segmented body with 
Tape -worms. y o ° ^ 

no alimentary canal and a rounded head bearing 

suckers or hooks for adhesion to their host. Each segment 
is capable of reproduction, and separates from the rest when 
ripe, leaving the body of its host, and passing the second stage 
of its life in another host. 

Taenia solium,, the tape-worm parasitic in man, passes the 
second stage of its life in the pig as the “ bladder- worm,” and 
then again infects man if the pig’s flesh is eaten without 
having been previously cooked sufficiently to Idll the bladder- 
worms.^ 

Nemertinea. The Nemertine worms are long, soft-bodied, 
Eibbon- unsegmented forms, probably nearly related to 
worms, whirl-worms. Like them, they have no body- 

cavity, and they have a covering of fine cilia, but in some 
other ways they are more highly developed ; specially 
characteristic of them is the long muscular proboscis which 
can be protruded from the front end of the body just above 
the mouth. It has, however, no connection with the mouth, 
but seems to be a special organ of touch and perhaps also a 
weapon, since in some cases it carries a sharp spine, though 
not in the genus Linens mentioned below. The alimentary 
canal, unlike that of Turbellaria, ends in an anus. 

A well-knoAvn marine member of this class is the curious 
Linens marinns, the Sea Long-worm or Sea Snake, which, it is 
1 For full life-history see Parker and Haswell’s Zoology, pp. 226-37. 
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said, may even grow to a length of 100 feet. It is, perhaps, 
the longest animal known. 

Linens is found in rock-pools near 
low tide mark ; its body is about as 
thick as a boot-lace, and it twists it 
in and out into complicated knots 
(Fig. 56). In spite of its ability to 
twist in this way, the body is very 
brittle, and it is therefore difficult to 
handle without injuring it, though if 
successfully transferred to a sea-water 
tank it will thrive, and its velvety- 
looking body with changing pur^Dlish 
hues will 'be a beautiful object. The 
front end of the body is blunt. Some- 
- times there may be seen protruding 
from it a long fine thread : this is the Linms manmis. 

characteristic proboscis with which it mtural mstory,) 
is said to lasso its victims — chiefly 
marine worms — drawing them to its 
mouth, and swallowing them whole. 



a, Anterior end ; h, posterior 
end. 


PHYLUM YII. : HEMATODA, THE ROUND OR 
THREAD-WORMS 

These ‘‘ worms ” have a long, thin, unsegmented body, 
round in section, and with a muscular body-wall, thicker 
than that in Flat-worms. 

A body-cavity is present, and this too marks them off from 
Flat- worms, wliich have no body-cavity. They are usually small 
forms, though some reach the length of 5 or 6 feet. They 
move with a wriggling motion. Most of them are parasitic. 

A scans Iwnhricoides is a common round-worm, parasitic in 
the intestine of man ; it may be nearly 1 6 inches long. 

Trichina spiralis is another parasite, at first living in the 
intestine of man, and then in his muscles, causing the disease 
known as “ trichiniasis.^^ In another phase of its life-history it 
is parasitic in pig, producing what is known as “ measly ” pork. 

Many other Nematodes attack valuable domesticated 
animals, so that on the whole they are a^glaj_s;idistmctly^ 
hostile to the welfare of man. 
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A large number, however, are non-parasitic, living in damp 
earth or decaying matter. Some, such as the ^Sdnegar eels’’ 
and paste eels,” have a wonderful power of withstanding 
desiccation, so that they ma}^ be wafted about in the air — a 
fact that explains their apparently mysterious appearances at 
times in weak vinegar or sour paste. 


PliYLUM VIII. : POLY"ZOA,i SEA-MATS OE 
GOEALLINES 

These Polyzoans are nearly all marine colonial forms, and 
many of them ai'C common well-known objects of the seashore. 

They are often mis- 
takenly called Zoo- 
phytes, though they 
are far removed from 
the true Coelenterate 
zoophytes (seep. 23). 

common- 
est and best known 
is the sea - mat 
(Flustra), which is 
thrown up after 
every storm on some 
parts of our coast, 
and soon looks like a 
dry brown seaweed. 

If obtained when 
first cast up, before it 
has dried, and then 
examined in sea-water under the microscope, it will be found 
to consist of a colony of individuals. Each has secreted 
round itself a horny substance, which has hardened into a 
little oblong cell, or “ zooecium,” decorated at each side with 
short spines and having an opening at the upper end covered by 
a little hinged lid. After a time, the tentacles of the creatures 
within may be seen gradually pushing up the ]id. The polyps 
are arranged in two layers, back to back ; so whichever surface 
of the mat ” we look at, we get the same view of them. 

^ See Note on page 4. 



Fjg. 57. — The Sea-mat (Flnstra foliacea). 
(From tlie Cambridge Natural IXistory.) 

Aj Natural size, JB' indicating the portion magnified in 
B ; a, zooecium with closed lid. 
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The tentacles are numerous, and are united at their base 
to form a funnel-like structure at the bottom of which is the 
mouth. A careful studj^ of 
such Poly zoans has revealed 
that within each zooecium 
is a lining of living cells, 
and within this a body- 
cavity (a true coelom) con- 
taining a U-shaped ali- 
mentaiy canal, the anus 
opening close to the mouth 
of the zooecium (cp. Bugula, 

Fig, 58). A rudimentary 
nervous system is present, 
but no vascular system. In 
Flustra there are no definite 
excretory organs, but these 
occur in some Polyzoa, 

Another very 
Other • *1 r ■ 

Polyzoa. 

Flustrella Ms- 
pida, but this only occurs 
as encrustations, frequently 
on the seaweed Fuciis. 

Memhranipora is another 
which makes a 




Fig. 58. — The Bird’s-Head Coralline (Bu- 
rjula avicularia). Two zooids much mag- 
nified. (From Parker and Haswell. ) 
a7i, Anus ; avic, avicularia ; an embryo ; 
funic, funiculus ; mo, mouth ; stom, stomach ; 
oi;, ovary ; sp, spermary. 


whitish lace-like encrustation on Laminaria. 

In Bugida avicularia, the common Bird’s- 
Head Coralline, the colony has a tree-like 
form, and may be several inches high. It 
forms brownish or purple tufts on rocks or 
pieces of wood in the sea. Bugula turhinata 
has a spiral form (Fig. 59). 

Fig. 59. — Bugula genus, each zooecium has attached ^ 

colony, natural ^ curious little body, very like a bird s 

size. (From the head, called an “ avicularium.” The “beak” 
Cambridge, Natural of this structure is constantly moAung, the 
Ilistoiy.) parts of it opening and shutting 

again with a snap (Fig. 58). 

Rejuvena- A curious feature in the life-history of these 
tion. Polyzoa is the way in which at times the central 
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organs in the body seem to disintegrate, forming a cons23icuous 
‘‘ brown body ” inside the zooeciiim, after which ^^rocess, from 
the still active body-wall, new organs are formed, so that the 
“ brown body may come to lie within the stomach of the 
rejuvenated individual, and finally it may pass out of the anus. 
This ‘Morown body’' is a conspicuous object, which is sure to 
be observed by any student of Polyzoa ; it may be connected 
vdth the excretion of waste matter. ' 

Reproduc- The individual zooids are hermaphrodite in 
tion. most Polyzoa, The rejDroductive organs are 
formed either from the body-wall, or from a cord of tissue 
called the funicle (Fig. 58, funic)^ which stretches from the 
stomach to the body- wall. The eggs often develop for some 
time within a special pouch of the zooecium (Fig. 58, emV). 

In some freshwater colonial forms, such as 
^Polyro^a the free-moving Grisiatella, which dies in the winter, 
special structures known as statoblasts are formed ; 
these jDersist after the death of the individual zooids, and 
give rise to new colonics in the spring. 
Such statoblasts consist of small buds, 
formed from the funicle ; they become 
enclosed in two horny concave shells, 
which are kept tightly closed and serve 
as an efiicient protection in the winter. 
Fig. 60.— Statoblasts of These freshwater forms are further 

Polyzoa. (Prom the toi- characterised by the tentacles being 
oridge Natural History.) ‘ ^ 



C, Lophojnis crystallinus ; 
D, Cristatella mncedo. 


arranged in a horse-shoe curve, instead 


of in a row, as in the marine Polyzoa. 
The oval colony of Cristatella may 
be over two inches long (Fig. 61). It creeps along on its 
fiat under surface, whilst the zooids project from the upper 
convex surface of the greenish jelly-like mass. It is found in 
shallow still water, creeping over the stones or weeds in sunny 
spots. The statoblast of Cristatella is peculiar because of the 
hooked sjfines which surround it (Fig. 60). 

Lophopiis is another, but smaller, freshwater colony, which 
may be found on duckweed, looking like a little speck of 
jelly until it expands its beautiful horse-shoe of tentacles 
(Fig. 62). It also can move, though but slowly, over the 
surface on which it lives. The statoblasts are shown in Fig. 60. 

Plumatella forms branching, thread-like colonies, adherent, 
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in the case of the common P. repens, to the leaves of water- 
plants (Fig. 63). 



Fig. 61 . — Qrisioiella mucedo. Entire Colony (natural size). 
(After Allman, from Parker and Haswell.) 



Fig. 62. — LoFiojius crystallinus, whole 
colony ( X 2). (From the Cambridge 
NahLral History. ) 



Fig. 63. — Plumatella rejpens, on a 
piece of water-lily leaf(nat. size). 
(From the Cambridge Hatural 
History . ) 


PHYLUM IX. : EOTIFEPA 
l/YL-ieel Animalcules 

Eotifers are microscopic but multicellular forms, very 
abundant in ponds and ditches. The general appearance 
of four of them is shown in Fig. 64. 

They are bilaterally symmetrical, and each has a curious 
ciliated disc on the head, and, at the opposite end of the body, 
a tail or ‘‘ foot ” which is often jointed, and is more or less 
retractile. Sometimes this foot is forked, or divided into 
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three processes or “ toes ” ; through the tips of these is dis- 
charged the secretion from certain “cement’’ glands in the tail, 



• HydoMna 'PloscU'l.aria Sfejihan o c eros Mellcerra 


Fig. 64. — Typical Rotifera. (After Hudson and Gosse.) 
(The actual .size is microscopic.) 


by means of which the animal is able to fix itself temporarily 
to any support in the water. Some few Eotifers are per- 
manently fixed, and in such cases the body is usually sur- 
rounded by a tube ; this 



maybe transparent, being 
secreted by the skin of 
the Eotifer {e.g. in Floscu- 
laria and SteihanoGeros)^ 
or it may be made of 
foreign particles which 
are built up into a case 
by the creature itself {e,g, 
Melicerta). Most Eotifers, 
however, can swim freely 


Fig. 65.— The Skipping Rotifer (PecZaZiOTi). water by the 

(After Hudson and Gosse.) movements of the Cilia 

A shows the outer form; e, eye-spot; dl, dorsal of the disC (d.y, IlydcL- 
limit; vl, ventral limit; lUV , lateral limbs'. and SOme alsO Creep 

i?, Diagrammatic to .show the muscles, m. ^ i ^ 

(The actual size is microscopic.) aboUt SOmCWhat like a 

Looper Caterpillar. A 
few have stiff, hair-like appendages which can be vigorously 
moved, causing a skipping movement (e.g. Pedalion, Fig. 65). 

Though these forms are all microscopic, they are compli- 
cated in internal structure, for they have a body-cavity 
(coelom) distinct from the alimentary canal, and also excretory, 
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reproductive, and nervous systems, the brain being relatively 
large, though the sense organs are very simple. 

Most of them live in fresh water, though a few are 
marine, and most of them live free independent lives, though 
a few are parasitic, as e.g. Notommata Wevneckii^ which is 
not infrequently met with inside the filaments of the fresh- 
water Alga, Faucheria, where it forms gall-like swellings. 

In the summer these Eotifers usually lay parthenogenetic 
eggs of two sizes, the larger eggs giving rise to females and 
the smaller to males. Before the winter they also lay thick- 
shelled winter resting eggs, which develop in the following 
spring. These eggs have probably been fertilised. The 
adult active individuals have but short lives. In the case of 
Hydatina^ which has been carefully investigated, the longest 
life seems to last not more than thirteen days. 

Classification of the Worms mentioned in Ghagoter Fill. 

Phylum VI. Platyhelminthes (Flat-worms). 

Glass I. Turbellaria (Whirl-worms). 

Order 1. Polyclaclida (marine forms with many lateral 
branches to stomach). Lex>t(yplana. 

Order 2. Tricladida (those with only three main branches to 
the stomach). Planaria. 

Order 3. Phabdocoelida (those with a straight, rod-like 
alimentary canal). Mesostoma. 

Class II. Trematoda (Liver-flukes). 

Distomum hepaticum. 

Class III. Cestoda (Tape-worms). 

Taenia solium. 

Class IV. Nemertinea^ (Pibbon-worms). 

Linens marmus, the Sea-snake. 

Phylum VIL Nematoda (Round or Thread-worms). 

A scaris lumhricoides. 

Trichina spiralis. 

Phylum VIII. Polyzoa (Sea-mats or Corallines). 

Marine forms. — Flustra, Flustrella, Membranipora^ Bugula. 
Freshwater forms. — Gristatella^ Lophopus^ Flumatella. 
Phylum IX. Rotifera (Wheel animalcules). 

Flosculariay Btephanoceros^ Melicerta^ Hydatina, Pedalion^ 
Notommata. 

Nemevtinea is now iisually considered a separate Phylum. The 
classification here followed is that given in A Text Book of Zoology^ by 
T. J. Parker and W. A. Haswell, 1910. 
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Practical Notes ox Flat- worms, Polyzoa, and Eotifera. 

1. Turhellarian Flat-ivornis may be found at all times of the 
year gliding over the water-weeds or the stones at the bottom 
of pond or sea. They are useful to keep in a tank with other 
creatures, as they act as scavengers, feeding on dead animal matter. 
The largest of them is Plaimria lactea^ which may be an inch long. 
Leptoplana ^ is common in shallow sea-water. 

Nemertines may be found in rock-pools between tide-marks, 
usually hidden under stones ; they may be identified by reference to 
W. C. Alclntosh’s British Annelids^ part i. (published by the Piay 
Society). 

2. Polyzoa may be looked for on submerged objects in shallow 
fresh water, or on the under surfaces of floating weeds, where 
Phimatellaj Lophopus or Cristatella may be found. Any jelly-like 
mass not at once recognisable as the egg-mass of some insect or 
snail should be removed to a jar of clear water and left undisturbed 
for a time, when, if it be a Polyzoan colony, the beautiful horseshoe- 
shaped cluster of tentacles will soon be protruded from the polyps, 
Statohlasts may be found in the autumn floating on the surface of the 
water. The common marine forms are stiffer, for instead of the 
cuticle being gelatinous, as in the freshwater forms, it is horny or cal- 
careous. Flustra, the Sea-mat, should be searched for on the sea- 
shore after stormy weather ; the bladderwrack and other large 
seaweeds should be examined for the Polyzoans which may form 
encrustations on them — Flustrella and Meruhranipora are common. 

Any specimens found may be identified by reference to 
British Marine Polyzoa^ by T. Hincks, or British Zoophytes, by 
A. S. Pennington. 

In all cases the marine specimens should be put into clean sea 
water and examined first under a lens ; if the polyps are alive a 
compound microscope should be used, if possible, for the further 
investigation of their structure. 

3. Rotifers are very common in stagnant fresh water, and a few 
are marine. Any that are found should be sketched, and identified 
by reference to The Rotifera, by Hudson and Gosse. 

A full account of the Flat-worms, Kound-worms, Polyzoa, and 
Eotifers will be found in the Gamhridge Natural History, vol, ii. 

^ Specimens are obtainable from the Plymouth Marine Biological Station. 


CHAPTEE IX 


PHYLUM X. : MOLLUSCA 

General MoLLXJSCA are all soffc-bodied animalsj usually 
Character- covered by a continuous calcareous shell; this is 

istics. secreted by a special fold of the body-wall, which 
lines the shell and which is called the mantle. • This mantle 
may cover the whole body in one single piece, or it may 
hang down on the two sides of the body as two separate 
flaps or mantle-lobes. These two different conditions of the 
mantle are correlated with corresponding differences in the 
form of the' shell, which may therefore be univalve or bivalve 
— a characteristic which may be used as a basis for the 
classification of the Molluscs, for many other peculiar features 
are associated with it. 

The organ of locomotion in all Molluscs is a single, ventrally 
placed, muscular mass knoAvn as the footj in the upper part of 
which the viscera are to some extent imbedded. As in all 
animals higher than the Ooelenterata, there is an alimentary 
canal distinct from the body-cavity or coelom, but the 
latter is much reduced, being represented by the small 
‘‘pericardium,^’ or chamber in which the heart lies. 

Members of The Univalve Molluscs (Class I., Gastropoda) include 
the Phylum, snails, slugs, whelks, limpets, periwinkle, etc. 

The Bivalve Molluscs (Class II., Pelecypoda) include mussels, 
oysters, cockles, scallops, etc. 

The Head-footed Molluscs_ (Class III., Cephalopoda) include 
the cuttlefish, octopus, nautilus, and others adapted to a 
free-swimming marine life. 
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Class L : GASTKOPODA ^ 

(Univalve Molluscs) 

Type : The Common Pond Snail {Limnaea stagnalis). 

The snail Limnaea stagnalis is to be found in 
Habitat, pond or river, especially where vegeta- 

tion is thick. It is very hardy and can be easily kept in a 
tank, the only drawback to it being that it has such an 
omnivorous and hearty appetite that it is 
apt to destroy the plants rather too rapidly, 
and onl}^ common weeds should be kept 
with it. The Canadian water -weed 
Anacharis [Eloclea) canadensis, which can 
always be easily obtained, is excellent 
food for it, and also the microscopic green 
algal growths which so often cover the 
sides of a tank. If trained to feed on 
these, the snail will do valuable work in 
an aquarium in keeping the glass free 
from these Algae which obscure the view. 

The snails should be watched 

also more detailed observations 
should be made on a couple of- snails kept 
for a time in a small glass bowl or jar which 
can be easily handled so that the snail may be seen from all sides. 
General body is covered by a shell which is 

Structure, conical in shape, but formed of six or seven spirally 
The Shell, twisted coils or whorls. The first whorl is so 
small as to be a mere dot, but each successive whorl is larger, 
and is in close contact with the whorl before. The seventh 
or last whorl is bigger than all the others put together, and 
this is called the body whorl, all the rest of the shell forming 
the spire ; the free edge of the body whorl is known as the lip. 

If the shell is viewed from a point vertically above the 
apex of the spire, the whorls are seen to descend in a riglit- 
handed spiral* hence it is termed ^‘dextral.’’ (When the 
spiral turns to the left a shell is called “ sinistra!.”) 

On the body whorl many delicate lines can be seen parallel 
to the lip, and at intervals a few more deeply marked lines 
^ Greek, gasterOj stomach ; 2^ous, podos, a foot. 



Fig. 66.— Shell of 
Limnaea stagnalis, 
seen from below. 

s, .Spire ; hw, body 
whorl ; r, reflected 
lip of the shell. 
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occur. These are due to its discontinuous method of 
growth. The shell is frequently added to at its free margin, 
but the shell substance formed duxdng one period of growth 
differs slightly from that formed at another; consequently 
fine lines of demarcation divide the different short periods of 
growth during one season. The more conspicuous lines usually 
indicate the limit between the growth of successive years. 

■ The newly-iormed shell is a light yellow-brown, but it 
very soon becomes discoloured and dark, in ordinary stagnant 
water. In texture it is rather delicate and brittle, and it is 
considerably rougher and darker on the outer side than on 
the inner, where it is lined with a light-coloured, smooth, 
glistening layer. A striking difference between the outer 
covering of the shell and the inner layer can be demonstrated 
in a perfect shell, by touching each part in turn with a rod 
dipped in weak hydrochloric acid (10 per cent or weaker). 
The inner lining shows an immediate effervescence, indicating 
that it is calcareous in composition, whilst the outer covering 
gives no such reaction. 

If left immersed in acid for a sufficient time the whole of 
the shell will be dissolved away, except for the delicate outer 
skin, which will still retain the shape of the shell. This outer 
skin consists of a horny substance, similar to the chi tin 
which forms the armour-like covering of most insects. It is 
of special value to snails, living as they often do in stagnant 
water, where there is abundant animal and vegetable life and 
much decaying organic matter, for such water contains a con- 
siderable amount of carbonic acid which, were it not for this 
protective layer, would attack the calcareous shell. 

The size of the full-grown shell seems to depend chiefly 
upon the volume of the water in which it has grown ; the less 
the amount of water the smaller the shell, other conditions 
being similar and favourable to growth. 

By the coiling of successive whorls of the shell, each whorl 
is in contact with the one above it, but their inner margins 
do not touch, and so a hollow pillar is formed from ajDex 
to base of shell. This pillar is known as the cokmella of the 
shell, and the lower, open end of the cavity of the pillar is 
the umbilicus} In Limnaea, however, the umbilicus is hidden 
by the lip of the shell growing over it (see Fig. 66). 

^ Sec diagram of the shell of the land snail, p. 138, 
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Sometimes, as in the whelk, the columella is &olic\ and so 
there is no umbilicus. To the columella are fastened the 
muscles which attach the snail to its shell, and also the upper 
end of the muscles which move the foot and cause its contrac- 
tion and withdrawal into the shell when desired. 

An examination of a section of the shell under the microscope 
shows that it consists of the following three distinct layers: — 

(1) The thin, outer, horny layer mentioned above. 

(2) A thick, calcareous, opaque layer, formed of many 
densely packed prisms of calcium carbonate, lying across the 
thickness of the shell This is known as the prismatic layer. 



Fig. 67. — ^Tlie Common Pond Snail [Limnaca stagnalis). 

Ai Seen from the right side. B, Seen from below, t, Tentacle ; /, foot ; h, head ; 
m, mouth ; 9-, respiratory aperture. 


(3) An inner pearly or “ nacreous ” layer, usually much 
thinner than the jDrismatic layer, and formed of a number of 
very thin calcareous layers lying one over the other. 

gQjjy The shell protects the soft body of the snail, 
Structure which may be entirely withdrawn within it or 
(external), partly protruded beyond. 

The most conspicuous structure when the snail is full}’ 
extended is the broad, flat muscular foot on which the snail 
moves, with a smooth gliding motion, over any fiat surface, 
always keeping the sole in close contact with the surface, but 
moving forward by a series of alternate expansions and 
contractions of the muscles of the foot which travel through 
it with a wave-like motion. 

Projecting above the foot in front, but attached to it 
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behind, is the heacl^ ca mere fleshy lobe, slightl}^ indented in 
front, but bearing on its under side the mouthy and on its upper 
side a single pair of triangular “feelers” or tentacles. Just at 
the base of these, on the inner front side, is a pair of simple 
speck-like eyes, very slightly raised on little fleshy tuberclesJ 
The head and foot, after fusion, are continued 
as the neck, which passes up under the shell and 
is lost to sight. The body continues right up to 
the very top of the spire of the shell, following its coils ; this 
upper part of the body is known as the visceral hump, for in it 
are contained the viscera — the intestine, kidney, heart, liver, 
and reproductive organ; the latter produces both egg cells and 
sperms, for this snail, like the earthworm, is hermaphrodite. 
(Most snails, but not all, are alike in this characteristic.) 

Mantle The visceral humjD is covered with a thin in- 
and Shell tegument Or skin. In the body whorl a fold of 
Formation, integument grows down round the body, 
loosely covering it. This fold, which is known as the mantle, 
adheres closely to the inner surface of the shell, and ter- 
minates at its open margin in a thickened rim known as the 
collar. The “collar” is glandular, and from its secretions 
are formed the outer horny and the middle calcareous layers 
of the shell, whilst the inner nacreous or pearly layer is 
formed by secretion from any part of the surface of the 
mantle. If therefore the shell is damaged at its free edge it 
can be completely repaired, all three layeirs being renewed, 
but if part of the shell is removed higher up, the hole can be 
filled by the formation of fresh nacreous matter alone. 

Mantle There is a space between the mantle and the 
Cavity and dorsal wall of the body, known as the mantle cavity. 
Respiration, ] 3 ^t the communication of this space with the 
exterior is narrowed down to a small, round, tubular aperture 
(see Fig. 67, ?•) by the partial fusion of the collar with the body. 
The aperture lies on the right side of the body in Limnaca. 
This mantle cavity is filled with air, and functions as a 
respiratory organ or lung, the mantle which forms the roof 
and sides of the cavity being richly supplied with blood- 
vessels, to which is brought all the impure venous blood of 
the body. Here it comes into close contact with the air 
in the mantle chamber, and the blood is aerated and then 
^ For the structure of this eye see p. 134. 
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carried by a special vessel to tlie heart, whence it is again 
distributed to all parts of the body.^ 

To renew the air in this lung, the snail has to come 
frequently to the surface of the water ; turning over, so as to 
bring the respiratory aperture just to the surface, it opens 
it with a little audible pop, and then causes the expulsion 
of the impure air and inrush of fresh air, by the alternate 
raising and flattening of the floor of the chamber, which is 
formed of the muscular dorsal wall of the body. The 
aperture ‘ maj^ be kept open for a minute or two, but is 
always closed again before the snail descends in the water. 

The usual method of movement of a snail is 
* the slow gliding motion over a surface described 
above, but the “lung’’ is sometimes made use of to cause 
rapid descent in the water when the snail is irritated. 
Normally, when the lung is full of air, the snail floats in the 
water, shell uppermost, but the air may be suddenly expelled 
with force from the mantle chamber, owing largely to the 
sudden withdrawal of the body into the shell and the con- 
sequent upward jDressure on the floor of the cavity; when 
this occurs the body sinks rapidly to the bottom of the water. 
After such a movement, the snail has soon to come to the 
surface again to breathe, climbing laboriously uj) a plant or the 
sides of the tank in which it is living. It will then frequently 
move across the surface of the water with its shell hanging 
downwards, and with the margin of the sole of the foot on a 
level with the water, the rest of its surface being slightly 
depressed. It is supported in this position by the tension 
between the margin of the foot and the surface film in the water. 

When the snail is low doAvn in the tank it can, if its 
lung is full of air, rise rapidly to the surface, merely by 
letting go of the plant to which it is clinging. This is an 
advantage in enabling it to stay beloAv whilst feeding, until 
the need for fresh air is urgent, when it can in this Avay 
rise A’-ery rapidly to the surface to renew its supply. 

Some species of Limnaea haAm been obseiwed to aid their 
motion vertically in the AA^ater by forming, from a mucous 
secretion of the foot, a delicate rope of mucus, up and down 
Avhich they travel. This “rope” may be fastened at first 
to some plant or stone in the Avater, then stretched out as 

^ For similar lung chamber in the garden snail see p. 135, Fig. 90. 
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the snail floats up, and again attached at the surface ; ox^, in 
the case of other genera of snails which are heavier than 
water, and which therefoi^e cannot rise in this way, the 
mucus is attached first to the top of some object, or even 
merely to the surface film of the water, and then di’awn out 
as the snail sinks to the bottom, and fastened thei^e, fox’ming 
a convenient, short, and I’apid means of rising to the surface 
when air is needed. We see, then, that although the snail 
has only one, very slightly specialised organ of locomotion, it 
is able to move in seveival different ways, and — by its rapid 
vertical rising or sinking in the watei’ — to escape some of 
the dangers resulting from its aquatic life. 

•Mouth and These snails will eat almost any water-weed, 
Method of and, failing anything else, they will scour the 

Feeding, glass of the tank in Avhich they ai^e living in oi’der 
to get any microscopic plants that may be adheiing to it.^ 
When doing this, tlie action of the mouth and tongue can 
be well observed. , 

The mouth is bounded by the soft upper and lower lips, 
the lower lijD being deeply cleft, so that the boundary of the 
lips forms a T-shaped mark when closed. Set in these lips 
are horny jaws, one in the upper lip, and also a small lateral 
jaw in each lobe of the lower lip. Within the mouth there 
is a remai-kable tongue or rasp (radula) which is the main 
oi'gan used in obtaining food. This rasp is a strap-shaped 
horny structure, attached through- 
out its whole length to the floor 
of the mouth. The floor is veiy 
uneven, for there is a projecting 
cushion near the mouth supported 
by a little mass of cartilage, and 
behind this cushion a deep cavity, 
into which the i^asp is continued 

(see Tig. 68). Town the whole Fig. 68. — Longitudinal median 
length of the rasp are transvei’se section through the lic:id of a 
rows of sharply -pointed curved Snail. (Diagrammatic.) 

teeth. Limnaea has sixteen iQQi\i ; r, r^dnla ; c, cartilage ; 

. n p- r\r\ tongue sac. 

in each_ row, and over oOO I’ows. 

The number and shape of the teeth in each row vaiy in each 

^ They are said to like animal food also, and even to attack live animals 
occasionally, but I have never observed this in those I have kept. 
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genus of snail ; the variety of the teeth in one row of the radula 
of PlanorbiSj a veiy common pond snail, is shown in Fig. 69. 
The number varies greatly in different Gastropods, the 
carnivorous forms having as a rule fewer but more powerful 
teeth than the plant-eating forms. 

AVhen the snail is feeding, the lips are retracted and the 
cushion and rasp pushed forwards until the latter can be 
scraped against the surface on which the snail is feeding. 
If the snail is feeding on the Algae which have covered the 
sides of the tank, the passage of the tongue over the glass is 
indicated by the clean tracks left where the Algae have been 
scraped away. 

Naturally the teeth on the rasp rapidly become worn down 
by this scraping action, but just as rapidly are they rei)laced 
by the pushing forward of fresh teeth from behind. The 



A few of tlie 73 teeth from one transverse row ; c, central tooth of the row. 


formation and growth of the new teeth occur at the hinder end 
of the rasp, which is lying in the regenerative tongue sac ; 
the whole structure, as it is renewed from behind, gradually 
grows forward, and so a constant supply of teeth is forthcoming. 

Senses sense of sights in spite of the presence of 

eyes, does not seem at all keen, the keenest senses 
being those of touch and of smell (the tactile and olfactory 
senses). The whole body seems sensitive to touch, parti- 
cularly the tentacles, which are also the seat of the special 
sensory cells thought to be olfactory in function.^ The 
sense of taste is probably located in the upper lip, which, in 
some forms, is curiously lobed. There is no proof that a 
jDurel}^ auditory sense is present, apart from the tactile sense, 
which would be affected by any strong vibration due to a 
sound. The sensitiveness of water snails to various stimuli 
has not, however, been very fully worked out. 

^ J. W. Taylor, Monograx^h of the Land and Fresh ^Vaier Mollusca of the 
British Isles, vol. i. pp. 224-30. 
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Altliough Limnaca^ like all air-breathing snails, 
hermaphrodite, cross fertilisation takes place, 
the sperm cells being passed from one snail to 
another through a special 
tubular structure known 
as the “ penis/^ The male 
aperture is just beloAr and 
behind the right tentacle : 
the female duct opens 
further back, just in front 
of the pulmonary aperture. 

The eggs are laid at in- 
tervals during the summer ; 
they are deposited about 
thirty at a time, embedded 
in a curved mass of jelly, 
which is nearly an inch 
long ; this is usually de- 
posited on some water- 
weed to which it adheres. 

The young snails hatch in 
about a month. They do 
not at once need to rise to 
the surface for a supply of 
air, for they are hatched with the lung-cavity full of water, 
and probably they are capable of respiration through the skin, 
using the air dissolved in the water. 

Growth growth of the young snail is fairly rapid at 

first ; in three months the shell may be nearly an 
inch long, but the full size is not attained for two years. The 
rate of growth depends on the temperature and the volume of 
the water in which the snail is living, as well as on a plentiful 
supply of food j the optimum temj)erature for growth is said to 
be about 25° C.; below 12° C. the snail may exist quite healthily, 
but will not grow. The variation in size according to the 
volume of water in which the snail is reared is very marked — 
even after a week a difference can be detected between the size 
of snails kept in a small vessel and others from the same batch 
of eggs kept in a much larger tank ; the less the amount of 
water the smaller the shell, other conditions being similar and 
favourable. Limnaea may live five years. 



Fig. 70 . — Limnaea stagnalis. 

Two masses of eggs (e and e') attached to a 
branch of water-crowfoot. 



120 


INTRODUCTION TO ZOOLOGY 


CHAP. 


Limnam seems to sj^encl the greater part of 
^ the winter in a state of torpor, buried in the mud 

at the bottom of the pond and breathing probabl}^ 
through its skin; it does not hibernate completely, however, 
and has been seen even on a day when the pond was frozen 
over, crawling about on the under side of the transparent ice. 

The water snail is preyed upon by a good 
Enemies. other creatures; ducks and water-shrews 

devour it, the Carnivorous Water Beetle (Dyticus marginalis ) — 
the “shark '’ of the pond — feeds on it, frogs and toads will 
snap it up when small, and sticklebacks and other fish eat 

a great quantity of the eggs 
before they hatch and of the 
recently hatched fry. 


Other Common Air-breathing 
Water Snails. 

There are four chief genera 
of lung-breathing water snails, 
and there are several species of 
each genus that are very common 
in our ponds ; these will be now 
briefly enumerated and shortly 
characterised, so that they may 
be recognised when found. 





G-enus 

Linmaea. 


Belonging to the 
genus Limnaea are all 
water snails with thin, 
horn - coloured, spirally - coiled, 
conical shells, and having two 
triangular, non -retractile ten- 
tacles, with an eye at the base 
of each. 

Limnaea stagnalis (the Common 
Pond Snail) (Figs. 67 and 71). 
“This is the species fully de- 
X. trmic., L. scribed above. Size 1^ to 2 
inches. Whorls 6 to 8, the last 
one relatively very large. Mouth of shell rather more than 
half the whole length of the shell. 


common species of Limnaea. 

L. stag., Limnaea stagnalis ; L. pal., L. 
palustris ; L. per., L. peregra ; L. 
aur., L. aurieularia ; 
truncatula. 
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Limnaea palusiris {the Bog Snail) (see Fig. 71). — This is a 
smaller species, with shell } to 1 inch long. Whorls 6 or 7, 
and narrower than in stagnalis ; shell browner and thicker, 
mouth narrower. Eather too fond of delicate plant food to 
be a desirable inhabitant of a tank ; also apt to escape from 
the tank unless covered ; 60 to 80 eggs are laid in a roughly 
cylindrical capsule. 

Limnaea ggeregra {the TFamlering Snail), — Shell f inch long; 
5 whorls. Body whorl, and also the mouth of shell, very 
large; outer lip a little reflected; very common. Feeds on 
decomposing animal matter as well as on vegetation ; apt 
to leave the water, migrating to damp meadows or even 
finding its way up willow trees ; 60 to 80 eggs are laid in an 
elliptical capsule.. 

L. aaoricularia {the Ear-slia])e(l Snail). — Is similar to peregra, 
but the body whorl and mouth of shell even larger relatively 
and moi’e contracted by the penultimate whorl (Fig. 71). 
Shell f inch to 1^ inch long; 4 or 5 whorls. Not so 
common as peregra, but found in most parts of Britain ; eggs 
laid in a double series embedded in a long band of jelly. 

L. truncatnla {the Dwarfed Limnaea). — Shell f to ^ inch 
long. Whorls 4 to 5 ; suture deep, umbilicus distinct as a small 
chink behind the reflected lip of the shell. Found in rather 
muddy water, but also out of the water. (For connection with 
the life-history of the Liver-fluke see p. 102.) Eggs laid 
12 to 20 togethei', in jelly capsule in the mud; hatched in 
16 to 20 days.^ 

The Flat-coiV^ Snails. — These are aquatic 
Planorbis having flat, spirally coiled shells, each whorl 

lying on the outer side of the one before, but in 
close contact with it. The colour of the body and shell is 
usually dark, and the single pair of tentacles non-re tractile, 
long and thin. The foot is smaller and shorter than in 
Limnaea, with a blunter end. The breathing aperture is on 
the left side, and the lobe of the mantle, close to the 
aperture, is itself vascular and may function as a respiratory 
gill below water ^ (Fig. 7 2, C). 

PlanorUs corneus {Common Trumpet Snail or Bam’s-horn ). — ■ 

^ There are several other species of Limnaea, hut they are not very 
common. 

2 J. W. Taylor, ojo. cit., vol. i. p. 304. 
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Shell f to 1 inch in diameter, rounded on both sides. Whorls 
5 or 6. Dark reddish-brown in colour, very common in some 
localities, and always to be had readily from any dealer in 
aquatic specimens. Eggs 20 to 45 in a flat, oval capsule 
attached to a leaf. Easp with 67 teeth in each row, and 
200 rows. 

Planorhis complcmatus ( = umhilicaius ). — Shell | inch dia- 
meter ; 5 or 6 whorls. One side of the shell is flat or 



A, Climbing a piece of Canadian 'water-weed. B, Breathing at the surface ; r, respira- 
tory aperture. C, Seen from the left side, showing the projecting respiratory lobe 
of the mantle. 


concave, and hence there is a distant keel, quite on one side 
of the middle line of the outer whorl. Mouth of shell 
rhomb oi dal. 

Planorhis vortex {the Whirl;pool Trtmpet Snail ). — Shell f inch 
in diameter. Whorls 6 to 8., .One side of the shell is convex, 
and one flat, and consequently here also there is a keel on one 
side of the body whorl. This species, which is fairly common, 
can endure drought, lying in a torpid state with the mouth of 
the shell closed by an “ epiphragm.’^ ^ 

^ For explanation of this term see p. 133. 
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Flanorbis contortus (the Ihoisled Tmnvpet Snail). — Shell -1 
inch in diameter. Whorls 8, very similar to vortex, but about 
half the size and more common ; 
rather a sluggish snail. The shell 
has a crescent-shaped openingj is 
much compressed, and has no keel ; 
the left side is deeply concave. 

Widely distributed, but rather local. 

Planorbis sjnrorbis {the Round- 
spired^^ Trumpet Snail). — Shell \ 
inch in diameter. Whorls 5 or 6. 

One side of shell concave and one 
flat or concave ; keel rather blunt. 

Common in stagnant shallow water 
or grass. 

Planorbis carinatus {the Keeled 
Trumpet Snail). — Shell inch in 
diameter, with 5 or 6 whorls only; 
a distinct keel running down the 
centre of the whorl. 

There are many other species 

which are not, however, so common, 

and the characteristics of which 

have not in many cases been very 

clearly determined. 

^ The Bladder Snails 

Genus Physa. -t . i 

are easily recognised 

by the much-polished sinistral shell 
(see p. 112). They are active little 
creatures, with long, slender ten- 
tacles, and with the habit of sup- 
porting themselves in the water by 
mucous threads, on account of 
which the}^ are -sometimes called 
“ Thread-spinners.” 

Physa ( = Aplecta) hyvnorum {the compianatus (slightly 

Moss Bladder Snail). — Shell -J- to f . - . . x, 

inch long, 5 or 6 whorls. G-lossy 
yellow or reddish, aperture of shell 
pear-shaped (see Fig. 74, P.h.). No finger-like processes extend 
from the mantle over the shell. Of rather local occurrence. 




Fig. 73. — Some common 
Flanorbis species. 


P. cont.j P, contortus X 2 ; P 
spir., P. spirorbis x 2 ; P. ca?'., P. 
carinatus x 2. 
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Thysa fontinalis {the Fountain Bladder Snail ), — A very 
coniinon form on water-cress beds ; rather smaller than the 
Moss Bladder Snail. Shell to \ an inch 
long; 4 or 5 whorls. Body whorl rela- 
tively very large, and spire very short (sec 
Fig. 74, A/.). The body is characterised 
especially by the finger-like processes of 
the mantle which are reflexed over the 
shell. 

Genus Hooked Snails . — These forms 
Ancylus. are sometimes known as Fresh- 
water Limpets, for they cling closely to 
the weed or stone on which they are living, 
and are therefore liable to be overlooked. 
The shell is thin, brittle, and hood-shaped, 
with an incomjDlete spire. They move ‘slowly, and rarely 
come to the surface to breathe. When moving, very little 
of the body shows beyond the shell. 

Ancylus fluviatilis {the Eiver Limpet ). — Shell 
\ to -J- inch; spire curved to the right, or 
centrally placed over the body whorl ; respira- 
tory opening on the left. Found only in streams, 
often on the aquatic ‘‘ willow moss.’^ 

Ancylus lacustris {the Lake Limpet ). — Shell 
to -] inch. Spire twisted to the left, respiratory opening 
on the right. 




Fig. n.—P.h., Shell 
of Physa hi/pnoricm ; 
P.f., shell of Physa 
foniinalis. 


Fig. 75. — Shell 
of A ncylus 
Jluviatilis. 


Pond. Snails which have G-ills. 

These snails breathe below the surface of the water by 
means of a iplume-like gill which lies within the mantle 



Fig, 76. — One Bow of Teeth from the Baelula of Paludma. 

cavity attached to the mantle. They all possess an operculum^ 
a horny and calcified plate carried above the foot, which, 
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■when the animal withdraws into its shell, jnst fits into and 
closes the month of the shell. This operculum is formed as 
a cuticular structure by the secretion of a group of cells on 
the dorsal side of the foot, at its posterior end. 

Genus Freshwater Wmlcles. — These snails are vivi- 
Paludina. parous, i.e, the eggs are hatched within the body 
of the mother ; the fry ai^e not set free until they are at least 
two months old, when they are gradually ejected, two or 
three at a time. The two British 
species of this genus are both large 
snails having a shell of 6 or 7 
whorls with very convex surfaces ; 
in both of them the foot bears on 
its upper surface a horny plate, or 
“operculum,” with irregularly con- 
centric lines of groAvth on it. When 
the snail withdraws into its shell, 
this plate completely closes the 
aperture. There are two tentacles, 
with an eye placed on a little 
tubercle on the outer side of the 
base of each. The mouth is borne 
on a prominent snout. 

Paludina vivipara (see Fig. 77). — 

This species is fairly common in 
ponds and slow -flowing streams. 

The body is dark, speckled with 
yellow. The shell has a rather 
thick operculum, and there are 
three dark bands on the body wdiorl 
of the shell, running spirally round 
it. The form of the teeth on the 
rasp is shown in Fig. 76. 

Paludina contecta . — This species 

is not so common as vvuijjara^ though 

not rare in the south of England. 

It is slightly larger than the other Female .snail ; B and C, males ; 

o o j-^ foot; b, breathing .aperture; 

species and tlie shell has a thinner 
operculum, more swollen whorls, a 
more pointed spire, and a more distinct umbilicus. It is a 
very irritable creature, falling with surprising rapidity from 

K 




Fig. 77 . — Paludina vivijoara. 

e snail ; B anc 
b, breathing 
, operculum. 
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the glass of the tank if this is tapped whilst the snail is 
climbing up it. In the male the right tentacle is shorter and 
thicker than the left. 

Genus Bithynkb ^ consists of much smaller forms which 
Bithynia. are oviparous ; the eyes are sessile ; the oj^erculum 
is calcareous and therefore hard and brittle ; the tentacles are 
thread-like and are both the same size in the male. The 
eggs are laid in two rows in a gelatinous ribbon, each egg 


Fig. 78 . — Bithynia ientaculata, 

A, Snail extended, showing operculum ; 7?, eggs ; C, closed shell seen from below. 



being surrounded by a definite hexagonal area of jelly (see 
Fig. 78). 

Bithynia ientaculata . — Shell -h inch long and with 6 whorls ; 
aperture of shell oval. This is rare in the north of England. 
Bithynia Leachii. — Shell \ inch long and with only 

4 whorls, also the whorls are more 
rounded; aperture of shell nearly 
round. This form is only found 
in the south of England. 


Marine Univalve Molluscs. 

Genus One species of this 

Littorina. genus is Littorina 
Periwinkles. UUorea^ the Common 
Periwinkle, very similar in structure and habits to Paludina^ 

^ The name means ‘‘inhabiting deep water,’' but it is rather misleading 
as this snail lives in i^onds with Limnaea and Planorhis. 



Fig. 79. — The Common 
Periwinkle. 
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but living in the sea between tide-marks and feeding on 
seaweeds. These “ winkles ” ai^e largely used for food ; 
nineteen hundred tons are said to be annually consumed in 
London alone ! 

The Cowry is another carnivorous gill-breath- 
tS^Cow^Y. marine snail, the shell of which is very thick 
and hard ; the orange-coloured mantle is reflected 
for some distance up each side of the white shell (Fig. 80). 



Fig. 80. — The Common Cowry {Cyxrraea {Trivia) mropoea), 

«, The reflected mantle. 

Genus Buccinum undaktm is the Common Whelk or 
Buccinum. “buckie/’ a large snail, having an operculum, and 
Whelks, breathing below the water by a gill, but differing 



Fig. 81. — The Common Whelk {Bucciimm undatum). (Nat. size.) 


from periwinkles, or freshwater winkles, in being carnivorous j 
also the mantle round the respiratory aperture is drawn out 
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Yjg. 82 . —Two Bows of Teetli 
from the “ Kasi) of a 
Whelk. 


into a long, trough-shaped siphon, causing a distinct notch in 
the margin of the shell on the left side. The whelk feeds on 
decaying animal matter, but also on 
living shell-fish,'' such as oysters or 
periwinkles, sucking out their soft 
bodies through a hole bored right 
through their shells by its strong- 
toothed rasp, which is carried inside 
a protrusible snout. This rasp may 
be an inch long, and bears 220 to 
250 sharply-pointed teeth (Fig. 82). 
The eggs of the whelk are well- 
known seaside objects, for they are veiy often thrown up 
on the beach by the waves. They are laid in little horny 
capsules, which are fused together in a sponge-like mass, often 
in clusters of a hundred or more. 

Each capsule contains 500 to 600 
eggs, but a few of these develop 
more rapidly than the others, de- 
vouring their brethren, so that only 
5 or 6 finally hatch from each 
capsule. The eggs are laid in the 
autumn, but the little larvae do 
not leave the egg-case until the 
spring. They are able at first to swim freely in the water. 

Nassa reticulata^ the .Dog Whelk, may be found 
w’helk^ mark crawling over the rocks or 

, sand at the bottom of the water, or completely 

buried in the sand except for its waving respiratoiy siphon. 
The broad yellow foot is speckled with black, and has a 
horn-like process on each side of its broad front end and two 
small pointed tails " at the back end. The egg-capsules 
are little flat pouches often fastened in rows on some 
seaweed. 

Purpura lagnllus, the Dog Winkle, is allied to 
whelks. It abounds on the British coasts. 

It will itself live well in an aquarium, though it 
may kill and eat other molluscs, boring their shells with its 
proboscis. Its egg-capsules are like clusters of little yellow or 
pink grains of rice, each set on a tinj^ stalk. From this creature 
can be obtained a beautiful purple dye by crushing it so as to 



Fig. S3 . — Buccinum unclatum,. 
A small Cluster of Egg -cap- 
sules. 
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break open a little sac behind the head and set free the tiny 
drop of secretion in it ; this is at first cream-coloured, but on 
exposure to light becomes purple. 



Fig. 84 . — The Dog Whelk {Rassa reticulata). 

A, Crawling over the bottom of a rock pool ; B, at rest, partly buried in the sand ; 

E, eggs attached to a stalk of seaweed. 

The Murex genus 3furex is interesting because of the 

’ Spiny Murex, the Mediterranean species, from the 
secretion of which the very highly valued “ Tyrian purple 
used to be mainly obtained in ancient times. Murex erinaceous 
is the British Sting Winkle. 

Patella differs from those thus far considered, 
Th^^Limpet ^^""^ving a simple conical shell, and also in having 
— instead of the typical gill of the others — a ring 
of delicate vascular, plate-like outgrowths from the under sur- 
face of the mantle, which can be 
projected just beyond the foot. 

It is in these plates that the 
blood is aerated. The Common 
Limpet {Patella vulgaris) lives in 
great numbers all round our 
coasts, clinging so closely to the 
rocks when these are left un- 
covered at low tide, that water 
is shut into the shell, and so 
the gills are kej^t moist till high tide again. When sub- 



Fig. So. — T he Common Limpet 
{Patella vulgaris). 
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merged, tlie animals loosen their hold and move about, feeding 
on seaweed, but each returns to the same rock after feeding 
and often wears away a little basin by constantly clinging to 
the same spot — its own little foothold of land. 

Practical Work on Univalve Molluscs 

How to order to keep water snails under close observa- 

staxt a tion, a freshwater tank is necessary. A rectangular tank 
Freshwater is best, either one made entirely of glass, or one of 
Tank. wood and glass, such as that the construction of which 
is fully described in Fresh Water Aquaria, by G. C. Bateman. 
The aquarium should stand, if possible, in a north window, 
and should be covered with a sheet of glass. If in a sunny 
window, the side of the tank next the window must be shaded 
with a curtain. The floor of the tank should be covered with 
a layer, one or two inches deep, of small stones, which have 
been well v^ashed by stirring them in running water, until the 
water that 25asses off is quite clear and bright. In this gravel 
some healthy jflants must be established before any animals are 
put into the tank. When snails are to be kejit, it is well to put 
in plenty of some very common weed, such as the Canadian water- 
weed, as the snails eat a great deal, and would soon destroy rarer 
and more delicate jflants. This weed will grow floating freely in 
the water, but it is best to tie it down to a stone, in bunches of 
seven or eight pieces, and then bury the stone in the gravel at the 
bottom of the tank, so that the bunches of weed stand up in the 
water. When rhe weeds are thriving, so that bubbles of oxygen 
gas are seen rising from the leaves through the water, the snails, 
and, later, other creatures, may be introduced. In a well-balanced 
tank the water should never need changing.^ 

How to et snails may be obtained from any pond in which 

th^SnaUs plenty of vegetation, by drawing a fishing- 

net through the weeds. They may be carried home 
in a tin ; if plenty of water- weed is put in to keep them damj), no 
further water is necessary for a few hours. 

Suggestions snails should be watched, sketches made of 

for practical them in several different positions, and their habits 
Work. noted. After they have been in the tank a little while, 
their egg-masses may be found. The day should be noted on which 
one such mass is deposited, and a record kept of the history 
of the development of the eggs. If there are fish in the tank, 

^ Pond water or clean rain water is the best to nse, but ordinary tap water 
usually answers quite well, unless exceptionally hartl. 
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the weeds to which the egg-masses are attached should be removed 
and kept in a shallow dish of water apart, for fish will feed greedily 
on the young snails as they hatch. Different batches of eggs 
should be kept under different conditions as to warmth and the 
volume of water in which they are reared, and the effect of the 
variations on their rate of development noted. ^ The volume of 
water should be varied from 100 to 200 c.cs. a creature, and 
the temperature from about 12° C. to 25° C., which will probably 
be found to be the minimum and optimum temperatures for 
growth. The young snails should be giA^-en plenty of free-floating 
filamentous Algae for food. 

Slides showing tlie structure of the radula in several different 
snails should be made or obtained, and examined under the 
microscope. 

FernoinlcleSy Gom'ieSy Lim'petSy Bog TVlielks and Bog Winldes 
may be kept in the sea-water tank described at the end of Chapter 
III., but only one or two at a time, and care must be taken that 
the water is kept Avell aerated. Periwinkles are very apt to 
escape, so the tank must be kept covered ; their predilection for 
leaving the Avater should, hoAvever, be considered, and the rock- 
Avork in the tank built up aboA^e the Avater surface. Dog Avhelks 
and Dog Avinkles should be kept in a tank Avith a sandy bottom, 
for they like to bury themselves in the sand, leaving only the 
Avaving siphon to mark their hiding-place. 

^ Compare Semper’s results given in Animal Life, Int. Sci. Series, vol. 
xxvi. pp. 161-64. 


CHAPTEK X 

PHYLUjM X. : MOLLUSCA {continued) 
Air-breathing Land Snails 

Land snails arc cliaracteriseci by possessing two i>airs of 
hollow tentacles, the eyes being placed at the tip of the 
hinder longer pair. 

The shell may be well developed and spirally coiled, or it 
may be absent, or represented by a few calcareous particles 
only, as in many slugs. 

No land snail has a true oj)erculum, and all are herma- 
phrodite. 

Ty])e : The Common Garden Snail {Helix asjjersa). 

One striking point of difference between the shell of a 
land snail and that of a pond snail is the greater thickness 
and strength of the former. The thickness of the shell 
seems to vary with the nature of the soil, and the consecj[uent 
character of the plants on Avhich the snail feeds. 

The Shell Helix aspersa the shell is fairly thick and 

is spirally coiled, but the spire lies quite to the 
right of the body Avhoii, and is much blunter than in Limnaea 
siaghcdis. The umbilicus (see |)age 113) is hidden by the 
rehexed lip of the shell. 

The colour of the shell is yellowish, with spiral dark 
reddish-brown bands running round it. There may be as 
many as five of these bands on the body whorl, but frequently 
some are confluent. The bands are alwa3^s interrupted, more 
or less, by transverse irregular streaks of white or yellow. 
The Avhite lip of the shell is thickened, and turned outwards. 
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The structure of the shell and the mode of growth are 
essentially similar to that of Limnaea and of all other snails. 
The natural length of life of land snails seems somewhat 
greater than that of pond snails ; Helix asjpersa lives five or 
six years, though, as a rule, not more than two or three 
annual lines of growth are to be seen on the shell, possibly 
for the reason that growth ceases in the second or third 
year of life. 

Land snails have no true operculum ; before they hiber- 
nate, they retire to some sheltered, corner, often burrowing 
into the loose soil ; then the mouth of the shell is closed by 



Fig. 86.— The Common Garden Snail {Helix aspersa). 


a thin membranous plate or epi])h'agm, formed from a dis- 
charge of mucus and calcareous matter from the collar or 
thickened rim of the mantle. This mucus at first fills the. 
mouth of the shell, and is often separated from the body by 
a discharge of air from the lung, becoming convex at first, 
but sinking in again, and gradually becoming flat or concave. 
It hardens into an opaque plate, which, however, remains 
permeable to air. 

A somewhat similar epiphragm is often formed in the 
summer during a temporary drought, but in this case it is 
much thi unci’, less calcified, and often perforated in the centre 
of a specially calcified oijaque spot opposite the breathing 
aperture. 
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The colour of the body is ca dark brown or grey, speckled 

with the milky-wbite 
spots which give 
To it its specific 
name, “ aspersa,’' signifying 
“sprinkled.” The foot has a 
yellow hand round it. 

The form of the body of this 
snail is very similar to that of 
Limnaea, although in Helix 
there are four tentacles on the 
Fig. 87. — Longitudinal section head instead of two, and at the 
tlirougli tlie tip of one of tlie longer. Upper 

long tentacles of Helix to show . r • i i 

pair IS a fairly complex eye, 


the structure of the eye. 
c, Epidermis ; L, lens ; p, pigmented 
layer ; r, retina ; op, optic nerve. 


which can be readil}^ seen as a 
little black dot. 

This eye contains a solid lens, 
behind this a pigmented k\yer, and then a layer of sensory 
cells in connection with the 
optic nerve (see Fig. 87). 

In spite,' however, of the 
considerable complexity of 
the organ, the sense of 
sight does not seem at all 
keen. 

The tentacles' are hollow, 
and can be retracted by 
means of a special muscle 
which is visible through the 
semi-transparent wall of the 
tentacle, running inside it 
from base to apex (see Fig. 

88 ). 

When this muscle con- 
tracts, the tip of the tentacle, on t t i 
. , ’ ’ Fig. 88. — Longitudmal Section of the 

With the eye, is drawn down Head of a Snail. (Diagrammatic.) 
inside the tentacle, and so (After Furneaux. ) 
the eye is protected. - The n, Long tentacle extended ; long tentacle 
position of the eye and optic withdrawn ; 0 , short tentacles ; m, 

, muscles ; n, nerves. 

nerves, and the muscles 

which cause by their contraction the turning “ outside in ” 
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of the tentacle, can be seen in Fig. 88, which represents 
a section of the head taken through the long tentacles, and 
Avhich also shows the short tentacles in front. 

The mouth is provided with a single hard upper jaw 
against which the rasp works. It shows as a black curved 
bar Avhen the mouth opens (Fig. 

89). The m^j) has 107 teeth in 
each row, and 145 rows, so that — 
with such a formidable weapon to 
use — the damage done by this snail 
is not surprising. 

The “ lung cavity lies in the 
body whorl, and opens to the ex- 
terior on the right side. The 
aperture is easily seen, and stays open for a consider- 
able time. The method of breathing is similar to that 
described on p. 115 in the account of the pond snail, 
Limnaea. It is illustrated by Fig. 90, in which part of 



Fig. 89 . — Helix 
much enlarged. 



Fig. 90 . — Helix dissected from the right side, 
r, Re.spiratory cavity ; vascular mar.tle ; C5, cut shell ; 7i, heart ; hv, blood-ves.sel 
carrying blood to the heart ; 1:, kidney ; gg, genital groove ; g, reproductive 
aperture. 

the right side of the body is supposed to be cut away, thus 
exposing the respiratory cavity and the structures in relation 
with it. 

The blood of Helix is colourless when impure, but blue 
when oxidised, for the oxygen carrier, which is dissolved in 
the blood, is not haemoglobin but haemocyanin, a copper 
compound. This is characteristic of most snails, though in 
a few, d.y. Planorhis, haemoglobin is found and the blood 
is red. 
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A snail is a slow walker; it is said to take 
^he^Tra^l* fifteen days to travel a mile. Living on the 

ground, it has often to make its way over rough 
surfaces ; to obviate the hindrance this might be to its slow 
gliding motion, the snail discharges a mucous substance from 
a special “ pedal gland, which opens at the upper front end 
of the foot, just below the mouth. The mucus forms a 
smooth bed over which the sole of the foot can easily glide. 
It is this that causes the slimy trail left behind by a snail. 

These trails enable us to learn something of the snail’s 
wanderings at night in search of food. It will go relatively 
long distances and climb walls to reach some favourite food, 
and yet — as the trail tells us — it will return to its original 
home after it has fed. This “homing instinct” seems 
curiously well marked in snails. 

The sense of smell is well developed, and 
The Sense concentration of special sensory cells in the 
longer tentacles seems to suggest that these 
organs have a special olfactory function as well as that of 
bearing the eyes ; probably the shorter tentacles also possess 
this sense, and possibly even to some extent the whole soft 
skin. The olfactory sense seems much more developed in 
snails than the sense of sight. 

In all univalves the sense of taste is probably 
"ofTaste^ located in the upjier lip, which is always very 
mobile and sensitive, and often curiously lobed. 
This lobing is well seen in the Black Slug {/Irion aier), and 
in many others, but is not so marked in IL as2?ersa. 

Some ex]Deriments made by Mr. Bateson 
of bearing suggest that sounds of a special pitch cause a re- 
action in certain bivalve molluscs, and it may be 
that snails too have some sense of hearing, but this has not 
been proved ; the little sacs containing calcareous particles 
supported by cilia that occur embedded in the flesh of the 
foot are more probably organs for regulating balance. 
Hibernation Hibernation usually begins in October, when 
’ snails are in specially good condition. The snail 
may merely hide itself in some crevice in a wall, usually 
behind ivy, or it may bury itself in loose earth, always with 
the mouth of the shell uppermost, and over this it forms 
the epiphragm. If the winter is a very cold one, the 
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bocl}^ contracts farther and farther into the shell, and fresh 
epiphragms are formed one within the other. As many as 
six have been found in lldix aspermS It is stated that in 
some districts with calcareous rocks H. aspersa excavates 
tunnels in the rock, each tunnel being about one inch in 
diameter and three or more inches long. It is thought 
that the wearing away of tlie rock is chiefly due to the 
friction of the foot, but the rubbing action is doubtless 
aided by an acid secretion, for in such situations the 
recently exuded slime from the foot shows an acid reaction 
with litmus. 

Reproduc L^nd snails are all hermaphrodite. They have 
tion. ^ single reproductive gland, lying on the visceral 
hump, which contains both ova and sperms, and 
which is therefore called the ovo4estis. The sperms, however, 
develop first, so that each individual snail is first male and 
later female in function. In Helix the common ova-sperm 
duct opens on the right side of the head (Fig. .90, g). At 
the time of mating, a small tube, the penis, protrudes from 
the temporarily “ male ” individual and enters the genital 
aperture of its mate, introducing a tiny, long packet of thread- 
like sperm cells which are stored away in a special sac inside 
the second snail until needed. IL aspersa lays from 10 to 
100 eggs at a time, in a hole in moist earth. They are round 
•transparent objects about ^ inch in diameter. Several 
batches of eggs may be laid during one summer. 

Some snails, e.g. Helix asgjersa and a number of other 
species of this genus, have, when full grown, in connection 
Avith the reproductiAm organs a curious “ dart-sac.” This is a 
muscular sac containing a little angular structure knoAvn as 
the “ love-dart,” for it is discharged by one snail into the 
body of the snail Avith AAdiich it is about to mate. The 
actual function and origin of this remarkable dart is not 
yevy certain.^ 

Other Common Species of the Genus Helix. 

Helix Jiortensis (the White-lipj)ed Snail). — A rather smaller 
species than H aspersa, Avith distinct darker spiral bands 

^ J. W. Taylor, cit. on page 118. 

^ See Camb. Rat. llwtory, vol. iii., Mollnsca. 
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This is a large 
The shell is inch 


of colour on the shell, not crossed by transverse white bands. 
The shell is 1 inch across, and it has 5 1- whorls ; the lip is 
white. 

IleliiV nemoraUs (the Grove Snail or Brown-lipped Snail). 
— The shell is 1 inch across, very varied in colour, often clear 
yellow, with one to five spiral dark bands running round 
it ; the lip of the shell is reflected and usually brown ; there 
is no umbilicus ; the body is brown, tinged with yellow ; very 
like H, hortensis except for the brown lip. This snail is very 
common in hedges, and is often found feeding on stinging 
nettles. 

Helix 2 ^omatia (Apple or Roman Snail), 
snail common in calcareous districts. 

across, and is thick, strong, yellow 
ish, or pinkish-white, with spiral 
light-brown bands ; the outer lip 
of the shell is thickened ; the 
umbilicus is small but distinct 
(Fig. 91). A peculiarly solid cal- 
careous ’epiphragm is secreted by 
the mantle before the winter, and 
may be found discarded on the 
ground in spring. Before hiber- 
nating, each snail excavates with 
its foot a hole, which it roofs in 
Fig. 91 .— Shell lines with earth and dead 

mella “c” andUmbilicus “ii.” leaves, making vith its slimy 
mucus a kind of mortar, which 
it smooths over the walls. The vdnter sleep continues 
usually until Ajiril. 

The eggs are the size of small peas, and have much the 
colour and consistency of mistletoe berries. They are laid in 
June, in a hollow in the earth. The young hatch in from 
21 to 45 days and make their first meal off their egg- 
shells. 

M. Gaspard has experimented to test the sight of these 
snails, and believes that they are cpiite blind, and that the 
so-called ‘‘ eyes are only touch organs.^ 



^ VI. Gaspard in Aniiales de Sciences Nat. ; Professor Bell in vol. i. of 
Zoological Journal, 
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is oblong, with the 
and the lip usual] 3^ 


Fig. 92. — B. Bulimus 
montanus (iiat. size) ; I\ 
Pupa cylindraxea (en- 
larged, but ■with natural 
size shown below). 


Bulimus . — The shell in this genus is oblong, with the 
whorls drawn out into a ' long spire and the lip usuall}^ 
reflected. Frequent on open downs 
near the sea-coast; very similar to ^ 

except in relative length of sj)ire. Its 
generic name seems to bear reference to 
its insatiable appetite, for it means the % 

greedy one 'M 1? 09 _ p p 

Pupa (the Chrysalis Snail).— Small (nat stze)^ 

gregarious forms found in moss or Pujm cylindmcca (en- 
crevices in walls or amongst roots of l^ys^d, but with natural 
grasses ; shell C3dindrical, . and spirally 

coiled, the last whorl only slightljq if any, bigger than the 
pu’eceding one ; the tip of the spire forms a sharp point. The 
mouth of the shell is bordered with one or more teeth. 

Vertigo . — A very small form, like Pupa^ but with onl}^ two 
tentacles, the lower front pair being absent; shell in some species 
sinistral (see p. 112 for term) and only to yV ii^ch long. 

Clausilia (the Door-shell Snail). — Some species common on 
bark of trees, and under stones. Shell sinistral, with a long- 
pointed spire. The mouth of the shell is closed by a clau- 
silium, a small white convex plate attached b}^ a somewhat 
cartilaginous, spirall3^-twisted, elastic foot-stalk, to the colu- 
mella in the penultimate whorl. When the animal emerges 
from its shell, the claiisilium is pressed to one side out of 
the wa}^ but on the snail retiring again, it springs back 
into position over the mouth of the shell. This curious little 
structure is not present in the young snail, being only formed 
as it approaches its maturity. Clausilia has four tentacles, 
but the two lower ones are very short. 

The chief enemies of snails are the various 
Snails birds which feed on them, particularly the thrush, 
which often has a special table-stone on which 
it smashes successive victims, holding them by the lip of the 
shell, and breaking the spire on the stone. 

Gardeners also are the snails^ constant enemies, on account 
of the veiy great damage the latter do in a garden; for whilst 
most Avild plants haA'-e acquired some more or less adequate 
defence against the ravages of snails — cither by the forma- 
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lion of a sui'face covering of hairs, or by a secretion of silica 
or calcium carbonate which hardens the external tissues, or 
by the secretion of some such substance as tannin — cultivated 
plants have, as a rule, no such protection, and so fall easy 
victims to hungry snails. It is interesting to test the value 
^of the various protective contrivances by giving snails a 
variety of apparently protected and unprotected plants to 
eat, and noting the results. 

Snails have been cultivated as an article of 

Snails ^ food even at so early a date as 50 B.C., and were 
considered a great delicacy by the Eornans. Prob- 
abl}^ they were eaten also by the cave men of the Stone 
Age, for masses of Ilelio:^ shells are found in their caves. 
Snail gardens are still to be seen in many parts of France 
and Spain. Helix 2 ^omatiay the Apple Snail, which is common 
in vineyards, is specially valued as an article of food, but 
several other species are also eaten. 

Various concoctions of snails used to be made as remedies 
for many kinds of disease, especially for consumption, and 
tilie idea of their healing power in this disease still lingers in 
some parts of the country. 

The shell of the Almond Whelk {Fusiis aniiquus\ a marine 
species, used, in olden days, to serve the fishermen of the 
Shetlands for a lamp. It was suspended by a string, filled 
with fish-oil, and provided with a cotton wick. 

Snails can withstand considerable extremes of 
cold and heat, and even drought, owing to the 
epiphragm, with which they prevent the complete 
loss of moisture from the body when they enter a state of 
toi^por. 

This is strikingly illustrated by the well-known case of 
the specimen of the Desert Snail [Helix desertorum\ which 
was sent from Egypt to the British Museum in 1846, and 
fixed to a tablet there. Four years afterwards, when examin- 
ing this mounted snail, Air. Baird saw signs of the recent 
formation of an epiphragm ; he removed the snail and put 
it in warm water, when it revived and came out of its 
shell ! The next day it ate a meal of cabbage, and before 
long was quite normally active again, and mending its 
somewhat broken shell.^ 

^ Ann. Mar/. Rat. Hist. (2), vi. 1850. 
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Amongst the univalve Mollusca, slugs are peculiar on 
account of the rudimentary condition of the shell, which is 
represented in most genera merely by a small calcareous 
plate, or even by a few spicules only, hidden below the 
shield -like mantle. This mantle lies on the top of the 
long body ; its margin is fused with the body all round, 
except Avhere the respiratory aperture is left on the I’ight 
side, leading into the lung-cavity lying below the mantle 
(Fig. 93). The theory that the shell has, in the ancestors of 




clusier ofeg^s. 


Fig. 93. — AHon ater. 

Aj Slug extended, showing the open respiratory aperture in the mantle ; 
B, contracted. 


these forms, been more fully developed, is upheld, not only 
by the vestiges of a shell that still remain, but also by the fact 
that in an early stage of the development of each individual 
a distinct spiral shell is present.^ 

In all slugs the wrinkling of the surface of the flesh is 
very marked, and also there is always one veiy distinct groove 
running parallel to the margin of the body, marking off the 
sole of the foot. 

In the Common Black Slug {Arion ater), and in some 
others also, this border is marked by vertical lines, alternately 

1 J. W, Taylor, oj}. eit. page 118, vol. i. p. 201. 
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black and dnsky, forming what is known as the foot fringe 
(Fig. 93). 

The tentacles are similar in form and function to those of 
common garden snails. 

Reproduction in slugs is generally very rapid. 

common black slug (Arion ater) 
was kept under observation, and after pairing, it 
was found that one of the slugs laid 396 eggs in five separate 
batches, with an interval of about a week or ten days between 
each batch, whilst the other laid 477 in four batches. These 
eggs hatch about sixty days after being deposited, the little 
slugs burying themselves in the ground for four or five days 
without feeding, and then emerging nearly double their original 
size. They are not full grown until the second year, and 
usually live two seasons only. 

Slugs generally sj^end the day lurking under 
^ stones or logs, or buried in the earth, coming out 
at night to feed. They do great damage to plants. 

Like snails, they can secrete a copious flow of mucus 
from the foot, and make a trail along which they glide. 
Many slugs also use this mucus, at times, to form a 
rope, by means of which they can lower themselves from a 
height and then climb back again. When about to descend 
in this way, the slug attaches the mucus to some surface 
and then drops, the mucous string remaining attached to 
the end of its tail. When re-ascending, it turns round and 
climbs up, collecting the mucus in a mass near the tail.^ 
(Compare with the mucous thread formed by Limnaea^ see 
pp. 116-17.) In the winter slugs hibernate each in a little 
hole in the earth, with a covering of slime round their much 
contracted bodies. Some interesting experiments have been 
performed by Mr. Ashford, showing the gradual slowing of 
the heart action in them as the temperature falls. 

Some Common Genera of Sings. 

The genus Arion includes the common black 

Sion^ slug which lives in woods and gardens and feeds 
on animal or vegetable matter — nothing seems to 
come amiss. The resj^iratory aperture is in the front half of 

^ Wallis Nature^ October 1890. 
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the mantle-shield ; the shell is represented by a few calcareous 
grains under the back part of the shield ; a slime gland is 
present in the tail. 

Arion ater if full grown may be 4 inches long when ex"- 
tended, but the bodj^ may be contracted into a lump (Fig. 93). 
The tentacles are swollen at the tip, and black ; the colour 
of the body, though usually black, may be brown, red, yellow, 
or green ; the shield is lighter than the rest of the body ; the 
foot usually has a yellow border. 

Arion hortensis is only half an inch long ; it is common in 
gardens. The shell granules are compact, forming an oval 
mass ; the body is marked with grey lines or stripes. 

Limao) is the genus which includes the large grey 
Umax slugs. The shell is like a curved plate ; it is 
covered by the hind part of the mantle-shield, 
which has usually concentric lines on it. The respiratory 
opening is in the back half of the mantle-shield. The foot 
has no slime gland. 

Liraax marginaim ( = Sowerhyi) is the Tree Slug ; the colour 
of its body is yellow or reddish-brown with black speckles, 
its slime is colourless, and its shell resembles shagreen. It is 
said to feed exclusively on lichens. 

Limax Jlavus (the Cellar Slug) is 4 inches long and yellow, 
with white and black specks ; it has yellow slime and a con- 
centrically marked shield. 

Limax agrestis (the Grey Field Slug) is usually about 4 of 
an inch long and has a concentrically marked shield, an ash- 
grey body, and milky, slime. It is a very common and 
destructive species, specially characteristic of damp spots. 

Limax maximus may be as much as 6 inches long ; its body 
is grey with black spots, tentacles long and purple, and shield 
regularly striate ; the shell is oblong and half an inch long. It 
is said never, or very rarely, to feed on any green part of a plant. 

Testacella genus TestaccUa is peculiar amongst British 

or the ’ slugs ill being carnivorous ; it preys on worms 
“Snail and on smaller slugs and snails, which it holds 
Slug. means of the rows of little sharp teeth on its 

rasp, and then swallows whole, there being no jaw across 
the roof of the mouth for the rasp to rub against as there is 
in most snails. It is also characterised by possessing a distinct 
ear-shaped shell, with a small terminal spire of half a whorl. 



Fig. 94. — The Carnivorous Slug (Testacella). 


in front and broadest at the hind end. This slug lives largely 
underground, and in cold weather forms a kind of cocoon of 
slime and earth. The eggs are laid singly, instead of in 


clusters as in most slugs. 


Each egg is about ^th of an inch 


Classification of the Univalve Molhiscs or Gastroiooda mentioned 
in Chajyters IX, and X, 


Order i I. Pulmonata. Those breathing with a “ lung ” ; her- 
maphrodite forms. 

Sub-order 1. Basommatophora. Water snails in which the 
eyes are at the base of the non-retractile tentacles. 

Family 1. Limnaeidae. Water snails with fragile dextral 
shells in which the lung-sac is protected by 
an external lobe of the mantle. 

Limnaea^ the Common Pond Snails. 

Pkmorhisj the Trumpet or Flat-coil ” Snails. 

AncijluSj the Hooked Snails or Freshwater 
Limpets. 

Family 2. Physidae. Water snails with sinistral shells, 
over the margin of which the mantle is 
reflected. 

Physaj the Bladder or “.Thread-spinning” Snails. 



h’amilv 
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Sub-order 2. Stylommatopliora. Laud forms with two pairs 
of hollow retractile teutacles, and with an eye at the tip 
of each of the upper pair. 

Family 1. Helicidae (Garden Snails and the Black Slug). 

Land forms, witli shell usually present, 
though represented only by calcareous grains 
in the slug ; radula with a central tricuspid 
tooth. 

HeliXj the Garden Snail. 

Arion, the Black Slug. 

BulimuSj the “ Greedy Snail.” 

Family 2. Pupidae. Forms in which all the whorls of 
the shell are of about equal breadth ; the 
aperture of the shell usually has one or more 
teeth at its margin. 

Papa, the “ Puppet Snail ” or Chrysalis Snail. 

Vertigo. 

Glaxisilia^ the Door-shell Snail. 

Family 3. Testacellidae. Carnivorous slugs in which an 
exposed shell is usually consjDicuous, though 
small, and is placed at the hind end of the 
long body. No jaw is present. 

Testacella, the British Carnivorous Slug. 

Family 4. Limacidae. Forms in which a rudimentary 
shell is present, but covered by the mantle. 

Limax, the Grey Slugs. 

Order II. Prosobranchiata. Water snails breathing usually by 
means ot a single gill. They have one pair of tentacles, and 
the sexes are distinct. 

Paludina, Freshwater Winkles. 

Bithynia. 

Littorinaj Periwinkles. 

Gifpraea^ Cowries. 

Buccinum, the Common Whelk. 

Nassaj the Dog Whelk. 

PuTimra, the Dog Winkle. 

Ahirex, tlie Sting Winkle. 

Patella^ Limpets. 

Ftcsus antiquics, Almond Whelk. 


\m 


Practical Notes on Land Snails and Slugs 

These Molluscs may be quite satisfactorily kept in a box of dam]) 
earth, partly covered by a piece of turf. Over the open box should 
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be j)laced a sheet of glass. Some cabbage or lettuce leaves should be 
put in for food, but these must be renewed every day. 

After a time eggs may be looked for just below the surface 
of the earth. If j)ossible, their development should be followed \ 
care must be taken that they do not dry. Testacella^ the Car- 
nivorous Slug, will feed on the earthworms in the soil ; its eggs 
are large and oval,' and are laid singly. The behaviour of both 
snails and slugs at the ajDproach of winter should be noted. 

To see the contractions of the muscular foot, let a snail crawl 
up a sheet of glass, and examine from below. 

To test the sense of smell and to compare it with that of sight, 
place attractive and odorous particles of food, such as a piece of 
rotten aj)ple or of cabbage, first on one side and then on the other 
of a slug or snail, and then repeat the experiment, enclosing the 
food in a glass jar or tube through which no odour escapes. Note 
the reactions of the snail or slug. 

To test the homing instinct of snails mark the shells of specimens 
found in a certain place in the garden with dabs of paint, and then 
visit the spot where they were found late that night and again the 
next morning. Do this for several days, and note the comings and 
goings of the snails. See if you can find their tracks, and follow 
them to their feeding-places. 


CHAPTEE XI 


PHYLUM X. : MOLLUSCA {continued) 


Class IL : PELECYPODAi 
(Bivalve Molluscs) 


Another group of Molluscs is characterised by the possession 
of a two-lobed mantle resulting in a bivalve shell. These two 
valves are equal in size in all freshwater bivalves, but in 
many marine forms, e.g. the oyster, one valve is much larger 
than the other. During life the body can be comjDletely 
withdrawn into the shell, and the two valves held tightly 
closed by special muscles which are developed at both ends 
of the body, attaching it to the valves of the shell. In this . 
way very complete protection is gained, except against such 
enemies as the whelk, which can bore a hole right through 
the shell (see p. 128 ). The foot may be compared in shape 
to an axe-head, hence the name Pelecypoda.^ 

These bivalves are all aquatic, and obtain their food 
merely from the current of Avater Avhich they suck in ; hence 
they have no need, either for protection or for purposes of 
nutrition, of active movements or of keen senses, and Ave 
find them generally living sedentary lives, often partially buried 
in the sand or mud at the bottom of the Avater. Correlated 
Avith this inactive life is the necessarily greater development 
of the -respiratory organs (compare the case of sedentary and 
free-SAvimming worms), and at the same time the degeneration 
of the head AAuth its sensitive tentacles and eyes. There is 
merely a mouth-opening in the front of the body, and no 
special head-lobe. The mouth contains no rasp, for none is 
needed Avhere the food is not to be scraped from the surface 
of a solid object but SAvalloAved Avhole. 

Greek, joelckus, an axe ; x^ous, podos, a foot. 
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Freshwater Bia^alve Molluscs 
Tyioe : The Swan Mussel {Anoclonta cygnea). 

The Swan Mussel is a large form common in the mud at 
the. bottom of streams. 

The Shell measures, when full grown, 

from four to six inches in length, two or three 
inches in breadth, and one to two inches through from 
one valve to the other at the thickest part. The sexes are 



distinct, and they can be sometimes distinguished by the 
greater thickness from side to side of the shell of the female. 
The colour of the shell is a greenish-brown. It is marked 
with more or less concentric lines of growth, each line repre- 
senting Avhat was formerly the actual margin of the shell. 
Its size increases year by year until the mussel is twelve 
to fourteen years old. 

The lower free margin of each valve of the shell is 
rounded, but the two A^alves meet above in an almost straight 
line, where they are united by an elastic ligament, narrow in 
front but broader behind. This is known as the hinge-line. 
At the anterior end of the hinge-line is the umbo^ the oldest 
part of each valve. It will be seen that in the Swan Mussel 
the shell has grown unequally round this umbo, hardly any 
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shell substance at all having been formed above it, and much 
less in front than behind it, hence the very unequilateral form 
of each valve. In other genera of freshwater mussels the 
two valves are held together also by “ hinge-teeth,” of which 
there maj^ be three pairs. One pair, close to the umbo, 
forms the Cardinal teeth^ and two pairs, one in front and one 
behind the umbo, are known as the Lateral teeth. 

If the shell is removed and its inner surface examined, 
it will be found to have a pearly white, more or less 
ridescent appearance, except round the margin. The struc- 



Fig. 96. — The Swan Mussel. Bight valve of the sliell from within. 

u, Umbo; e, c', scars of “adductor” muscles which close 'the shell; s/, sf, scars of 
muscles which move the shell forwards ; sb, sh', scars of muscles which move the 
shell backwards ; jun, the scar of the “pallial” muscle which attaches the mantle 
to the shell. 

ture of the shell is essentially similar to that in univalve 
molluscs, consisting of the same three layers (see p. 114), 
but the nacreous layer is thicker here, whilst the margin 
of the shell consists of the horny layer alone, this being 
at first reflected round the edge of the shell as a narrow 
flexible fold. On the inner surface of each valve are certain 
marks which are due to the attachments of the chief muscles 
of the body. 

The largest scars are those of the two important “ ad- 
ductor ” muscles, which connect the two valves of the shell, 
passing right through the body (Fig. 96, c, c); these by 
their contraction cause the closing of the shell. Two other 
pairs of scars (Fig. 96, sf, sf\ sb, sb') are those of the muscles 
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which cause the forward or backward movements respectively 
of the shell and the movements of the foot which carry the 
body forward.^ Faint tracks can be seen diverging from 
the umbo to the present position of these muscles, marking 
the paths along which their attachments have shifted as the 
animal grew. 

Eunning parallel to the edge of the shell, and starting 
from the outer side of these special muscle scars, is another 
long thin scar where the muscles of the mantle were attached 
to the shell (Fig. 96, 

The pearly lining to the shell is deposited by the mantle 
in thin overlapping films, causing the surface to be very 
delicately ridged, and thus j^roducing, by the play of light 
on it, the “interference colours” which give the beautiful 
iridescence characteristic of mother-of-pearl. This mother- 
of-pearl layer is much more developed in some of the marine 
mussels and in oysters. 

If any foreign object, such as a grain of sand, 
of^aris^ gets within the shell between it and the mantle, 
the irritation of its presence causes a special secre- 
tion of nacreous substance round the object, either merely 
covering it and cementing it to the shell, or in some genera — 
though not in Anoclon — forming complete concentric layers 
round it, and so producing 2 ^. or “ shell-berry ” as it used 
to be called. 

In some instances it has been shown ^ that the pearl 
foruration in marine mussels is due to the p>resence in the 
mantle tissues of a little parasitic worm, which whilst in its 
resting stage is enclosed by the mussel in a pearly prison, 
and so is usually destrojmd. Even if the worm manages to 
make its escape, the formation of the pearl, having been begun, 
is completed. It is probable that this is the cause of the 
formation of the most perfect pearls — a curious case of the 
production of beauty resulting from a pathological stimulus j 
a more prosaic explanation, perhaps, but not less wonderful 
and interesting than the belief held by the ancients and 
quoted by Pliny, that pearls were droiDs of rain which had 

^ See discussion on locomotion in 0. H. Jjatter’s Natural History, 1904, 
pp. 166 and 170-173. 

^ Dr. Lyster Jameson in Proc. Zool. Soc. vol. i., Loud., 1902. Professoi 
Herdmanii, Nature, vol. Ixvii., Apr. 30, 1903. 
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fallen into the shell when it was opened by the animal and 
were there transformed into pearls ! 

Most of ^our pearls are obtained from the large pearl 
oyster {Meleagrina margariiifera), which is common round the 
coasts of tropical countries (see page 158), but the freshwater 
mussel of North Eritain (Unio margaritifem) also produces 
j^earls of value. 

The Body Beyond the shell there projects, when the 
with Shell mussel is active, a large, fiesh}^, somewhat wedge- 
intact. shaped “ foot."*^ When the animal is at rest, this 
foot, and often more than half of the shell, is buried in mud 
or sand, and there can only be seen the back of the shell, 
gaping slightly open, and exposing the thickened hinder edges 
of the mantle-flaps which bound two apertures — an upper, 
smaller, oval one, and, a little way below this, a vertical, slit- 
like opening round which the mantle-edge is pigmented and 
fringed with small tentacular ];)i’ocesses. If a little carmine, 
or some other finely divided coloured substance, be suspended 
in the water, it can be clearly seen that there is a constant 
stream of water ^^assing into the lower, inhalent aperture, and 
out of the upper, exhalent aperture. 

Body with understand the mode of nutrition and 

Shell respiration in such a bivalve, it is desirable to 
removed, remove one valve of the shell from a mussel and 
stud}^ the organs that are then exposed. Bor this purpose 
it is necessary to wedge open the valves with some strong 
object, such as a flat ruler, and then, with a penknife or 
scalpel, cut through the muscles on one side which attach the 
mantle to the shell (see Fig. 96), sliding the knife up carefully 
between mantle and shell so as not to damage the mantle. 
Bend back the valve thus separated and remove it, cutting 
through the ligament along the hinge-line. The soft body 
which is lying in the remaining valve of the shell will now 
be seen covered by the mantle-lobe of this side, and — in order 
to see the organs lying below — this must be turned back, or 
cut away along the line of attachment (Fig. 97, Im). Before 
this is done, however, the formation of the exhalent and 
inhalent apertures should be noted. The two margins of the 
mantle-lobes fuse just above the exhalent aperture, and then 
separate to form its opening, the lower limit of which is due, 
not to a second fusion of the mantle-lobes below it, but 
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merely to a nipping in of the mantle, so that the two 
margins are pressed closely -together. The inhalent aperture 
is limited below in the same way. Further dissection and 
examination is best done under water. 

When the mantle-lobe on one side is removed, 
Respiration. so-called jDlate-like “ gilW (Fig. 97, cj) will be 
seen lying along the middle of the body above the foot 
which projects in front. There are four of these “gills,” 
two lying on either side of the foot ; they should be pushed 
aside one after the other, so as to expose those lyiog below ; 
they have a spongy, porous texture, being formed of a very 



aa and j)a, Muscles which close shell; ar, 7 )r, muscles which move shell forwards ; 

Zhi, cut edge of left flap of the mantle; a, anus ; X 1‘oot ; f/, ‘‘ gills ” ; edge of 

right mantle-flap. 

complicated system of vertical and horizontal bars united into 
a kind of close trellis-^vork — the vertical bars causing the 
striation visible on their surface. These structures were 
called “gills” when it was thought that they had a re- 
spiratoiy function — a function probably performed by the 
mantle alone. 

The impure blood from the foot and viscera is carried by 
special vessels first to the kidneys, and then to the mantle- 
lobes. The blood is purified by the oxygen in the water which 
enters by the inhalent aperture, washes over the inner surfaces 
of the mantle-lobes, over and through the gills, and finally 
passes into the cavity above the gills, and out of the exhalent 
aperture. This water current is maintained by the lashing 
of the hairs which cover the gills, but which can only be 
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seen under a microscope. The purified blood is carried hy 
special veins to the right and left auricles of the heart, which 
lies in the cavity just above the gills; it can often be seen with- 
out further dissection through the transparent walls of this cavity. 
Thence the blood passes into the single ventricle and is dis- 
tributed again to all parts of the body. The fluid is colourless, 
and hence the path of the circulation cannot be demonstrated 
without special injection and dissection of the vessels. 

„ ^ The same water current that carries to the 

Nutrition. r • 

mantle the oxygen necessary lor respiration, 

carries also the microscojpic organisms which serve the 

mussel for food. 

The mouth of the mussel lies in front just above the foot, 
and is best found by probing with a ‘‘seeker” or blunt pin. 
On cither side of the mouth lie two triangular palps having 
much the same aj^pearance and texture as the gills ; the outer 
jDalps unite over the mouth, forming the upper lip ; the inner 
palps unite below the mouth, forming the lower lip. These 
palps, like the gills, are covered with lashing hairs or cilia. 
When the in-current of water passes through the gills, it 
leaves behind it all the organisms and solid matter suspended 
in it, which are too coarse to pass through the gill structure ; 
thus a slimy rope of organic matter graduall}?' accumulates 
in the groove between the two pairs of gills. This organic 
substance is passed forward between the palps by the action 
of the cilia, and onward into the mouth, whence it is driven in 
a similar way into the stomach and passed on into the 
intestine, the inner walls of which are lined with cilia. The 
intestine runs down from the stomach into the upper part 
of the foot, where it follows a curiously irregular course, 
coiling backwards and forwards, then turning upward and 
running right through the heart, and ending close behind the 
exhalent aperture. Any excreta are carried out with the 
exhalent water current. 

The mussel seems to have, to some extent, the power of 
controlling the nature of the food substances which are allowed 
to pass in with the inhalent current ; this is due doubtless 
to the sensitive tentacles which surround the inhalent aperture. 
When the approach of any undesirable substance is detected 
by these tentacles, a sudden exhalent discharge of water takes 
place from loth apertures, driving the harmful matter away. 
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The sexes are distinct except in occasional 
cases; the sexual organ, ovaiy or 
sperinary, lies in the visceral mass at the upper 
part of the foot, but only by making a microscoj)ic examina- 
tion can we tell, with certainty, which of the two is present 
in any one individual. The eggs are discharged from the 
ovary and are passed into the outer gills, which become 
in consequence very greatly dis- 
tended, and are known as the 
“brood-pouches.” The eggs in this 
position are fertilised by the' sperm 
cells carried in by the inhalent 
water current. This takes place 
in the summer, and the develop- 
ment of the eggs goes steadily on 
within the brood-jiouch until the 
following spring, the embryos being 
nourished all this time by a mucous 
substance secreted by the gills, 
b Even by the autumn of its first 
year of life, the little embryo has 
reached what is known as the 
Glochidium stage, in which it has a 
bivalve shell with a sharp-toothed 
hook at the apex of each triangular 
valve (Fig. 98). Each valve is 
perforated by many minute pores. 
The shell is lined by a bi-lobed 
mantle which bears little sensory 
cells, and between the two valves 
of the shell runs a strong muscle, 
by means of which the shell can be 
closed. From a little papilla on this muscle projects a long, 
coiled, sticky thread, the h?jssus. In February or March, 
these Glochidium larvae are discharged from the brood- 
pouch, pass out into the water — usually in the exhalent water 
current — and are carried along by any current in the water 
outside; or they may sink graduallj^, often catching, by means 
of the byssal threads, on to some weed and then remaining 
sujDported in mid- water. Should a fish come near them, they 

become very much agitated, and clap the valves of their shells 



Fig. 98. 

A, Glochiilium of Aiiodon seen 
from the side ; h, byssal thread ; 
t, tooth at margin of shell ; s, 
sensory papillae. B, Glochidium 
seen from below with shells 
gaping widely. 
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violently ; this causes the byssus to extend more, and it may 
very likely catch on to the fish and stick, so that the fish 
swims off carrying a mass of glochidia with it. Then if any 
glochidium comes into actual contact with the fish— as it very 
likely would do as the fish darts about — it sesies the skin with 
the hooks on its shell and drags it in between the valves, 
causing such irritation that the tissues of the fish inflame 
and form a sort of case or ‘‘cyst” round the larva; in this 
position the larva remains for three months, living as a para- 
site, absorbing its food from the juices of the fish. A stickle- 
back is often victimised in this way. The young mussel 
gains not only a tem^Doraxy home and food, but also transport 
from one part of the pond to another. Meanwhile, the 
internal structure of the larva changes gi’adiially to a structure 
similar to that of the adult ; a new bivalve shell is secreted by 
the mantle below the glochidium shell, which, howevei^, remains 
covering it for some time. The cyst formed by the fish finally 
withers and drops off, and the little mussel now at last begins 
its independent life, though for several weeks longer it still 
retains its larval shell ; the teeth of this shell press against the 
margin of the new shell that is growing within, and often cause 
a distinct irregularity in the lines of growth at this point. (This 
irregularity is, however, more mai'ked in Unio than in Anoclon.) 

When first it begins its independent life, the little mussel is 
not much lai'ger than a pin’s head and is veiy transparent, and, 
therefore, difficult to study closely, except under the microscope. 

Each pair of mussels may produce hundreds of thousands 
of young. 

There is a fairly well developed nervous system, 

^ami^Sense^^ body which is exposed 

beyond the shell is more or less sensitive to touch 
and to light. The tentacles that suiTOund the inhalent siphon 
seem to be oi’gans of taste as well as of toixch, but there ai’e 
no other clearly differentiated sense oi'gans. 

Enemies of Mussels are eaten by several kinds of watei’- 
tlie Mussel, fowl, and sometimes also by ottei’s and watei'-voles. 

Other Freslmaier Bivalves, 

The genus Unio diffei's from Anoclon in having 
strongly marked lateral hinge-teeth; also in having 
a dej)ressed area in front of the umbo. 
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give the name “ orb 


This genus is common in rivers and ponds. 

Unio margaritifera is only found in rapid streams in the 
mountainous districts of the North of England, and in 
Scotland, Wales, and Ireland. It is this species which may 
produce valuable pearls. 

S haerium Orb-shell cockles are small forms with almost 
or “ Orb- ’ equilateral shells (Le. with the umbo almost in 
sbell the centre of the dorsal margin), and with distinct 
Cockle. hinge-teeth, both ‘‘cardinal” and “lateral.” The 
valves of the shell are so convex as to 
shell ” to this genus. 

The margin of the mantle, round both the exhalent and 
inhalent apertures, is drawn out into a short siphon (see 
Eig.* 99). 

S])haerimi corneum (the Horny Orb- 
shell) is very common in ponds and 
ditches. A full-grown specimen may be 
^ an inch long. 

Sjjhaernwi lacustre is also very common 
England. It is rather smaller than 
the last, and more, compressed, 
this genus the shell is smaller than in 

the 
There 

is only one siphon, the exhalent siphon. The shell has hinge- 
teeth, as in SpJiaeriwih 

There are several fairly common species ; none have a shell 
more than i of an inch in length, and the differences between 
them are not very marked. 



Fig. 9 9 . — Sphaernm 
corneum. 


Pisidium, or 


In 


“Pea-shell Spliaermm, and the umbo is no 
Cockle, centre of the dorsal margin, but behind it. 


longer in 


Marine Bivalve Molluscs (Oysters^ Scallops^ Cockles^ etc.). 

The Common Edible Oyster {Ostrea edulis) is 
of economic importance, because of its popularity 
as an article of food. 

Oysters, when adult, are incapable of locomotion. The 
little free-swimming larvae, which are liberated from the 
parent as “ oyster spat,” quickly disperse, and after a time 
each settles down on some hard surface, lying on its left 
valve, which quickly becomes cemented down, so preventing 
further movement. This valve becomes thick and deeply 
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concave, forming a basin in which lies the bodj^- of the oyster, 
covered by the thinner, flat iipj)er valve, which can be lifted 
uj) or closed tightly like a lid. The foot is rudimentary in 
this sessile mollusc, which is entirely dependent for its food 
on the nutriment brought by the currents of water which 
wash over it. There are four gills. 

. The fringed margin of the mantle protrudes slightty from 
the shell, and on it are little pigmented masses which are 
sensitive to light. Only one pair of large muscles for closing 
the shell is present, situated nearly in the centre of the 
body. 

The chief 03 ^ster - fisheries for edible oysters are to be 
found off the coasts of Europe, wherever the ground and the 
currents make a suitable habitat for them. The oyster farms 
at Whitstable spread over an area of more than 27 scpiare 
miles — the oysters bred there, and others from on or near the 
Thames estuary, are called ‘‘ Natives, and are said to have a 
greater delicacy than those bred elsewhere. 

Oysters are hermaphrodite, though the ova and sperms do 
not ripen at the same time, and some authorities think that 
cross-fertilisation occurs. They reproduce in a wonderfully 
rapid way if they are protected. One individual, after its 
third jmar of life, may give rise to over a million embiyo 
oysters. Nevertheless, owing to the many dangers to which 
they are exposed in their fixed lives, the death-rate amongst 
them is enormous. There must also be a large mortality 
amongst the embryos when first they escape, for they are then 
desirable morsels for any hungry mouth, and, even when full 
grown, oysters are attacked and devoured by whelk and star- 
fish, the former drilling a hole through the shell with its 
rasp and then sucking out the contents,^ the latter destrojdng 
them in the way described on page 66 ; the parasitic sponge, 
Cliona, also bores into the shell, jiitting it with tiny holes ; 
the Skate, the Octopus, and Crabs are also dangerous enemies ; 
there is need for many offspring if the race is to survive. 

They grow slowly ; at the end of the first year they are 
about 1 inch in diameter, and this measurement increases 
approximately by another inch each successive year, until 
they are six or seven years old ; they may live ten years. 

The breeding time is in the summer, and then, from 
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tlie dealers’ point of view, oysters are “ out of season,” or, in 
the familiar phrase, “ oysters are in season onl}^ when there is 
an ‘ r ’ in the month,” i.e. from September to April. 

The Pearl Oyster {Meleagrina margaritifera) is found chiefly 
off the north and west of Australia. This oyster is valuable 
not onlj^^ for its pearls, but also for the thick mother-o’-pearl 
lining to the shell, used in making buttons, Trooches, and 
other ornaments.' Some of the best jDearls are obtained 
from a smaller sjDecies of pearl oyster found in the oyster 
banks off Ceylon, where they are collected by native divers. 

Interest has been recently aroused by the work of the 
Japanese in producing “ mlhire gMarls ” by an artificial stimula- 
tion of the Pearl Oyster. A tiny bead of nacre is cut from a 
newly opened oyster and is wrapped in a tiny sac of the living 
epidermis of its mantle, and this is then embedded in the mantle 
of a living unharmed oyster which is quickly returned to the 
sea for several years, it may be 6 or 7 ; then it will probably 
be found to have pjToduced a pearl very dififiicult to distinguish 
from one naturally produced except by cutting a section of it, 
when the artificial centre will be disclosed.^ 

Mytilus. Sea-mussel {Mytihs echilis)] though not 

The Sea- always Avholesome, is also cultivated for food, 
mussel, especially off the coasts of Prance. It is this 
species which is found in countless numbers attached to piers 

or any pieces of wood sub- 
merged in the sea. The 
narrow shells have twO' equal 
valves, are from one to three 
inches long, and of a beauti- 
ful slate-blue colour. Sea- 
mussels can move freely on 
their long, narrow, fleshy 
foot, but can also fix them- 
selves by a number of threads 
-The Sea-niiissel attached by form the organ of 

attachment known as the 
hyssus (cp. Pig. 98). Each 
thread is secreted, from a gland in the foot, as a very fine 
viscid string which hardens in the water. 

^ See Dr. Jameson’s paper in Nature^ May 1921 ; also article by H. 
Onslow ill Oonciuesi, Feb. 1922. 



Fig. 100.- 

its byssus, By^ to a piece of wood. 

foot ; S', anal siphon. 
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Pinna. Mussel {Pinna fmgilis) is the largest 

The Fan British bivalve, the shell being sometimes a foot 
Mussel, long; it buries the pointed end of the shell in the 
sand or mud and fixes itself vdth a very strong silky byssus, 
the threads of which have at times been woven into articles 
of clothing. 


The Eazor Shell {Solen or Ensis) burrows 
The R^or ’^'^^’^ically into the sand, and when covered with 
water the two short siphons open on the surface 
of the sand looking rather like a kej^hole. If alarmed the 
creature squirts a jet of water from its siphon and sinks deep 
down in its burrow. 

The Common Edible Cockle {Carclium edule) 
The^CocMe buried in the sand or mud, often above low- 
water mark, with its two short respiratory siphons 
projecting just out of the sand into the water. Although 
it lives, on the whole, such a retired life, the cockle can 
leap freely over the surface by means of its large curved foot. 

Scallops are perhaps even better known than 

‘Popfon i. X 

The Scallop on account of their ornamental shells, which 

are fluted and prettily coloured^ red and yellow. 
The lower, right, valve of the shell, on which the creature 
rests when adult, is deeply concave, the upper valve is flat. 
The 3^oung scallops can swim freely by the alternate sudden 
opening and shutting of their shells. The Common Scallop 
{Pecten maximus) is often to be seen in the fishmonger’s shop, 
where the bright orange colouring of the foot makes it a 
conspicuous object. The margins of the mantle are fringed 
with white tentacles and set with many little shining coloured 
eyes, which have an elaborate structure, recalling that of the 
vertebrate ejm. 


Glassification of the Bivalve Molluscs mentioned in CJuq^ter XL 

Family 1. Unionidae (Freshwater Mussels). — Foot long, com- 
pressed, without byssus ; no siphons present. 
Unio margaritifei'a, the Pearl Mussel. 

Anodon cygnea^ the Swan Mussel. 

Family 2. Sphaeriidae (Freshwater Cockles). 

Sjjhaerium, the Orb-shell. 

Pisidiunij the Pea-shell. 
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Family 3. 


Family 4. 


Family 5. 
Famil3i.-6. 
Family 7. 


Family 8. 


Ostreidae (Oysters). — Shell fixed by one valve, no 
byssiis, rudimentary foot, no siphons. 

Ostrea edulis^ Edible 03"ster. 

Margaritifcra vulgaris, Ce3don Pearl Oyster. 

M3"tilidae (Sea-mussels). — Symmetrical shell, numer- 
ous long byssal threads. 

Mytilus cduLis, the Sea-mussel. 

Aviculidae. — Foot long, with byssus, no siphons. 

Pinna fragilis, the Fan Mussel. 

Solenidae.— Foot powerful, no byssus, short siphons. 

Soldi Ensis, the Razor Shell. 

Cardiidae (Cockles). — Much-folded gills, long bent 
foot, b3^ssus present, short siphons. 

Oardium edule, the Common Cockle. 

Pectinidae (Scallops). — Ribbed shell, byssus absent or 
rudimentary, mantle-edge j^ossessing “eyes’’ 
and little tentacles. 

Pecten maximus, the Common Scallop. 


Practical Note on Bivalves 

The Freslmater Mussel is a useful and hard3" inmate of a tank 
such as that described at the end of Chapter IX. It should 
always be given some sand on the tank bottom, in which it can 
bury its foot. It will then hold its body sloping obliquel3'' up, 
with the front end close to the ground and the hind end much 
higher, and with the inhalent and exhalent ajiertures op)en for the 
passage of water in and out. 

Its use in the tank consists in the current it causes in the 
stagnant water, and also in the fact that it takes in and digests any 
little particles of dead organic matter that may be floating in the 
water. To provide it with plent3^ of fresh microscopic food, a 
bunch of fresh weeds from a pond should sometimes be dipped 
into the surface water and shaken. 

Sketches should be made (1) of the external view of the mussel 
when actively feeding, so that the exhalent and inhalent apertures 
show, and also the foot b3^ which it fixes itself ; (2) of the internal 
organs as displayed in a dead mussel when one valve of the shell 
and one flaj) of the mantle have been removed ; (3) of a glochidium 
larva seen under the microscope ; these can be obtained from ^ 
the outer gill of a female mussel an3^ time during the autumn ; 
the movements of the little larvae arc interesting to watch. 

Marine Bivalves do not thrive in a small tank. 



CHAPTEE XII 


PHYLUM X. : MOLLUSCA {continued) 

Glass III. : CEPHALOPODA 
(Head-footed Molluscs) 

General TlilS class contains, amongst other strange forms, 
Character- the Cuttle-fish, the Squid, the Octopus, the Argo- 
istics. Pearly Nautilus. They are all sea- 

d\yellers, and all, except the Nautilus and the Argonaut, have 
naked bodies, though a rudimentary calcareous or horny shell 
may be hidden away within the fleshy “mantle” which 
wraps round the soft, elongated body. The head projects at 
one end ; it bears large well-developed eyes, and a mouth 
surrounded by eight, ten, or many fleshy tentacles, each 
of which usually bears many suckers. The number of 
tentacles is characteristic of the Octopods, the Decapods, 
and the Nautilus respectively ; in origin they arc homologous 
with the foot of a snail or mussel, and so the class gets its 
name of Cephalopoda or “ Head-footed.” ^ 

The mantle is fused with the body except on the ventral 
side ; here a sac-like space is left between it and the body ; in 
this space are lodged the two (or in Nautilus the four) gills, 
and . from it protrudes the funnel (see Fig. 101). 

Res iration Water is drawn in through the slit-like 
* aperture between the free mantle-edge and the 
funnel ; this washes over the gills and aerates the blood in 
them ; it is then discharged through the tubular funnel, 
together with any excretory matter which has passed into 
the funnel from the anus which opens within its base. 

^ Greek, kephalej head ; podos, a foot. 
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The Ink-bag. 


^ The water from the funnel can be expelled 
JKlovgihghu • ^ 

with such force that the recoil drives the body 

rapidly in the opposite direction to that of the escaping 

liquid. Indeed this is the normal 
method of effecting movement. 

In all Oephalopods 
except Nautilus, the 
discharged water can be blackened 
by an inky fluid given out by a 
special gland 02 Dening into the 
funnel (Fig. 101, I). The inky 
cloud so produced is of great 
value in hiding the creature from 
any pursuing enemy. 

On the ground. Cephalopoda 
creep slowly along head down- 
wards* holding on by the many 
small but powerful suckers with 
which (except in the case of the 
Nautilus) their tentacles are 
plentifully supjilied. 



Order : Dl-BRANCHIATA 
Sub-order 1 : OcTOPODA 


Fig. 101. — Section tlirongli a 
Cuttl e- i i sli (diagram matic). 


11, head ; M, mouth ; T, tentacle ; 
B, mouth muscles and jaws ; St, 
stomach ; 1, ink-hag ; D, opening 
of ink-duct ; Ma, mantle ; Sh, shell ; 
G, gills ; A, anus ; F, funnel. 


The 

Octopus. 


OctojMs vulgaris or 
“ Poulpe ” is perhaps 
the most unsightly of 
all creatures, at any rate when 
seen out of the water, though 
when in his native haunts he must have a certain beauty of his 
own as he sits with his eight curling tentacles drooping all round 
him, and his large eyes brightly gleaming (see Fig. 102). 
When at home he lives under the sea, alone in a crack or crevice 
of a rock or under the shelter of a boulder, holding on firmly 
with two or three of his arms whilst the others hang limply 
in the Avater. He is nearly invisible to j)assers-by, for he can 
change his colour and roughen and Avrinkle his skin to match 
his environment, but he himself is keenly on the watch for 
any unwary creature — it may be a large fish, a lobster, or 
crab — and the moment one comes Avithin reach, out dart the 
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arms and seize their victim in a relentless grasp, drawing it 
to the mouth, where it is rapidly scrunched ujd by the strong 
parrot-like beak. Occasionally the lurking place of an octojius 
is uncovered at a specially low spring tide, and close to one 
such “ den '' off the coast of lierm (Channel Islands) a heap 
of over 2000 empty shells showed how successful had been this 



Fig. 102. — Octo^ms vulgaris^ Naples. 

A, atr rest ; B, in motion ; /, funnel, the arrow showing the direction of the propelling 
current of water. (After Merculiano.) 

means of “hunting.” Each arm bears two rows of suckers; 
each sucker is a little sessile fleshy cup with a central muscular 
“ piston ” which can be withdrawn at the will of the creature, 
so causing a vacuum, if the sucker is first pressed against any 
surface. The resultant suction is so great that the whole 
tentacle may be torn away before the suckers will yield ; but 
such an injury is not serious, a new tentacle will grow. 

In swimming, all the tentacles are stretched out in front 
of the mouth as in Fig. 102, B. 
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The eggs are like hundreds, sometimes 
thousands, of tiny berries clustered round a, 
central string. They are watched over by the 
mother and washed with jets of water from her funnel, until 
from each there hatches a tiny octopus, no bigger than a flea, 
which can at once swim actively in the water. 

Octopus vulgaris is fairly common round our coast, and 
small specimens come in with the fishermen’s hauls * after 
rough weather large specimens Avith arms 4 or 5 feet long 
have been Avashed up, but these are unusual ; they are knoAvn 
more commonly in the Mediterranean Sea, Avhere they are 
much dreaded by bathers. 

The Lesser Octopus^ Avith only one roAv of suckers on each 
arm, is not uncommon. 




Fig. 103. — /I, Empty shell. B, Female Argonaut -witliclrawn into shell. 
a — ft, Arm ; s, shell projecting from under the arm. 

The Argonaut or Taper Nautilus is a foreign 
Argonaut of Avhich the beautiful delicate Avhite shell 

is far better knoAvn than the creature itself, for it 
is rarely captured alive. It is about 7 inches across and 
is spirally coiled ; each side is coA^ered Avith radiating ribs, the 
ends of AA^hich form a double roAv of projecting knobs doAvn 
the convex surface. 

This shell does not correspond to the shell of any other 
mollusc, for it is a special structure formed only by the female 
Argonaut as a cradle for her eggs, and it is secreted, not by 
the mantle, but by the specially enlarged and flattened 
posterior pair of arms (Fig. 103, B, a) Avhich hold it in position 
round the bod}^, to AA^hich it is not attached by anj^ muscle. 
The creature seems to float along in a boat of her oAvn making, 
Avith the incurved, narroAV end of the shell uppermost and all 
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her other six arms floating out on all sides, though she can 
withdraAv them into the shell if alarmed, as shoAvn in Fig. 
103, B. If rapid movement is desirable she darts backwards 
as shown in Fig. 104. 



Fig. 104. — Female Argonaut swimming (reduced). 

<S’, funnel. Arrow behind shell show.s direction of movement. 


The male Argonaut is only about -J- inch long, and is 
more like the common octopus, for its arms are all alike 
except for one special one which, as is the case in all two- 
gilled Cephalopods, is modified to form a receptacle for the 
sperm cells. At the time of mating (copulation) the whole 
tip of this arm, known as the ‘‘ hectocotylus,^’ is, in Argonaut, 
transferred to the female, but this is not so in most genera. 

Sub-order 2 : Decapoda 

The Ten-armed Cephalopods include the true Cuttle-fish 
{Se])ia\ the Squid (Loligo), and Spirula, 

General additional arms of these forms are much 

Character- longer than the others and arise from within the 
istics. circle of the short arms ; they have suckers at their ’ 
tij)s only and can in most cases be retracted into pouches ; 
they are used to catch their prey and pass it down to the 
shorter arms which carry it to the mouth to be torn and 
rasped to pieces by the jaws and tongue. 

There is an internal shell under the mantle ; this is horny 
in the Sguid” where it is known as the “pen,” and cal- 
careous in the case of the so-called “ bone ” of the Cuttle-fish. 

Down each side of the body there is a fold of flesh known 
as the “ fin,” which is used in swimming. 

The Common Cuttle-fish {Sejna officinalis) may 
fisMSe^Ta)' between tide marks at the breeding 

' season, though at other times it inhabits deeper 
water. Alive it is a beautiful object swimming in the sunny 
shallow waters, changing colour as it moves with the rapid 
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jerky movement characteristic of its kindj ejecting water 
spasmodically from its funnel and at the same time alternately 
spreading and closing its arms so as to drive a current of water 
forward and accelerate the backward 
movement of the body. 

Like the Octopus, it lurks hidden at 
the sea bottom to watch for its prey, 
catching it with its terrible tentacles, 
each of which is beset with four rows 
of shortly stalked suckers. 

The “ ink-bag ” of the 
Sepia ink. produces plentifully 

an intense black fluid which long ago 
was used as a writing medium, and still 
the “sepia’’ of the artist is obtained 
from it. It is a wonderfully inde- 
structible pigment, and it is stated by 
Dr. Buckland that in fossil Mollusca, 
allied to the modern some of it 

has been found still able to produce 
excellent “ sepia,” although it must be 
thousands of years old. 

The white “cuttle-bone ” 
consists of a number of cal- 
careous laminae; it has a 
, « < 7 / / ^ r thin horny margin round it, and a little 

above. sj)ine below called the rostrum. It 

is used for polishing wood and other 
purposes, and its value as bird food is well known. One of 
the largest cuttle-bones ever found was 1-^ feet long. 

The eggs look like small black grapes attached, 
some fifteen or twenty together, to a. stem of sea- 
Aveed — “ Sea-grapes ” the fishermen call them. 

The S u'd or Galcmary is very like the Cuttle- 

(Loligoh general structure and shape (see Fig. 106), 

but the internal shell is horny, and it is known as 
the “pen,” from its resemblance to a quill pen.^ 

Squids are met Avith all round the British coast. They are 
remarkably actiAm creatures, going about in shoals at certain 
seasons and occasionally leaping right out of the Avater as 

^ Latin calamus, a pen. 



bone.” 


Eggs. 
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they dart through it in pursuit of their fish food. Sailors 


Size. 


sometimes call them sea-arrows 
milk - white, semi - transparent 
bodies assume lovely I’ed tints 
when they are alarmed. 

They have been 
captured of surprising 
size, varying from 32 to 52 feet, 
total length ; the largest are 
taken off the coast of Newfound- 
land ; they are formidable 
creatures indeed and have given 
rise to many fabulous stories, as 
well as to well -authenticated 
ones, of terrible encounters be- 
tween divers and these monsters 
of the sea. 

The eggs of a 
Squid are deposited 
in gelatinous semi-transparent 
cases, each 1 to 4 inches long 
and ^ inch wide, and each con- 


‘ flying squids.” Their 


Eggs. 



Fig. 106. — Loligo vulgaris. 

A, Entire animal, dorsal view ; B, horny 
taining over 200 eggs. Hundreds internal shell or pen. (From Keferstein.l 

of these egg-cases are attached 
together in a radiating, mop-like bunch. 

Sepiola is a little Squid with a horny ^‘pen” 
epio a. common on the British Coast, and is 

often caught in the nets of shrimx3ers. Its body varies from 
-t inch to 4 inches long, aird it buries itself up to the eyes in 
the sand, blowing a hole in the sand by directing jets of 
water from its funnel into the desired spot until enough sand ^ 
is washed awa}^ stones too big to be thus dislodged being 
picked up and removed by the suckers on the arms. 

Until quite lately Sijirula has been a very little 
Spirula. creature, for only a very few specimens 

had been captured. However, during the recent Dana Ex- 
pedition many Avere taken aliAm in the North Atlantic, and 
some accounts of their structure and habits have noAV been 
published.^ 

^ See ‘^Live Specimens of Spirula/’ by Dr. Jobs. Schmidt, in Nature, 
9tli December 1922. . • . ... . 


168 


INTRODUCTION TO ZOOLOGY 


CHAP. 


The beautiful little pearly-white, loosely-coiled shell has 
long been well known, for it is abundant on some tropical 
shores, and is occasionally thrown up on our 
own coasts, the Gulf Stream sometimes 
carrying it to Tenby. 

This shell lies vertically within the body 
(see Fig. 107), it is nearly entirely covered 
by two reflected lobes of the mantle, but pro- 
jects externally along the dorsal and ventral 
margins. When cut in halves longitud- 
inally it is found to be divided into many 
chambers by transverse curved j^^T'i’titions, 
each one pierced by a slender tube, the 
%ncW (see p. 170), running near the inner 
curve of the shell, and following its coils. 

The number of chambers varies with the 
age of the creature. A specimen with mantle 
length about inch may have sixteen 
chambers, another with mantle length three 
Guide. Lateral times this may have thirty-five chambers, 
view (diagram- s];^0P of gas: in any case 

lobe drawn as if seems to cause the posterior part of the 
transparent, 5 to body to float uppermost, the head and arms 
show shell). hanging down vertically. 

The mantle has a rough whitish surface with some rust-red 
lines and bands. At the posterior end (uppermost when at 
rest) are two semi-circular fins with a circular disk between 
them bearing a little bead-like light organ which continually 
gives out a pale yellowish-green glow. 

The creature seems to live thus, suspended some 300-500 
metres below the surface, occasionally darting here and there, 
guiding its motion by changing the direction of the funnel 
through which the jets of water are driven. 

The fossil Belemnites which are so plentiful in 
Eelemnites. from the Lias to the chalk, looking rather 

like- the pointed end of a very thick slate-pencil, 
are thought to be the fossilised outer ‘‘ guard ” of the internal 
shell of a creature near akin to Sinmla.^ though the shell is no 
longer spirally coiled. When perfect, it has at the broader 
end a simple conical part Avhich is divided by transverse 
lamellae; this is known as the “ phragmocone.” This is 
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blie part that is thought to correspond with the whole of the 
shell of Sjnrulaj but to have been replaced mainly by calcare- 
ous laminae in the Cuttle-bone. The 
narrower, more solid part, known as 
the guard’’ or “rostrum,” which forms 
the usual fossil is represented by a little 
downwardly pointing spine at the base of 
the Cuttle-bone, but there is nothing 
which corresponds with it in SjnrultL 

In some Belemnites the outline of the 
ink-sac can be recognised. 

It is thought that these creatures were 
A^ery like Squids, and that they lived, 
manjT’ together, on the muddy bottoms 
of shallow seas. 


Order : Tetra-branchiata 
U nique 

rim-vliolr 

Nautilus. 


The Pearly Qephalopods 



amongst the 
is the Pearly 
or Ghamherecl Nautilus {N, 

'pomjpilius) which inhabits the seas 
bordering on the Malaj^ Archipelago. 

It is the only living representative of the 
four-gilled Cephalopods. It is unlike the 
two-gilled forms in having a true external 
shell, and many small retractile tentacles 
devoid of suckers and arranged in two 
Avhorls ; it is devoid also of an ink-sac. 

The calcareous shell is 
spirally coiled, each neAv turn 
of the spiral surrounding the one before 
and being in close contact Avith it. It is Avhite in colour, 
barred across irregularly Avith zebra-like stripes of yelloAv- 
broAvn. 

The coil of the shell is in the opposite direction to that 
of Spirula^ but its cavity is similarly divided by curved 
transverse septa into a number of chambers ; the last of 
these is by far the largest of them all, and it is in this 
alone that the body of the creature is lodged, and into Avhich 
it can be entirely AvithdraAvn for protection. The smaller, 
noAV empty chambers are those discarded , by the creature as 


The Shell. 


Fig. 108. — Diagram to 
illustrate structure 
of a Belemiiite. 

a, Tentacle ; s, funnel ; 
i, ink-bag ; p/i, plirag- 
mocone ; g, guard ; t, 
long tentacle. 
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it outgrew them. An extension of the body, in the form of 
a tubular prolongation of the mantle, passes through a little 
hole in the centre of each septum, and coils with the coil of 
the shell. This tube is called the si])hmide ; its function is not 
certain ; possibly some gas passes along it from the bod}^ to 
lighten the burden of the heavy unused portion of the shell. 
It is known that these chambers are filled with a gas rich in 
nitrogen, and doubtless this has a h^^drostatic function. 

The shell has a most beautiful pearly lining covering 
not only the side walls, but also the overarching vault of 
each chamber. It was the contemplation of this shell that 
stirred Oliver Wendell Holmes to write his poem, “The 
Chambered Nautilus,’^ ^ one verse of which runs thus : 

Year after year belield the silent toil 

Tliat spread his lustrous coil ; 

vStill, as the spiral, grew 

He left the past year’s dwelling for the new, 

Stole with soft step its shining archway through, 

Built up its idle door, 

Stretched in his last-found home, and knew the old no more. 

The Bod living creature Avhen fully expanded 

® ° there can be seen beyond the shell the head with 
its large lateral eyes and many tentacles, which, if it is 
swimming, are stretched out in front of it; dorsally the 
head is covered by a fleshy hood (Fig. 109, A), whilst reflected 
over the coil of the shell, covering the black portion of it, is 
a whitish fold of the mantle (this has been detached from the 
shell in Fig. 109). The hood is coloured brown, mottled with 
red, brown, and yellow, with little white warts on it ; the head 
below is opaque white like the shell. ^ The body and shell 
together are said to be very difficult to see in shallow water, 
their coloration being lost in the play of light on the surface 
ripples of the sea ; ^ when the body retracts, the hood entirely 
closes over the opening of the shell, shutting the creature in. 
Though Nautilus can swim actively, it is a ground feeder, 
creeping about on the floor of the ocean, devouring 
Crustaceans and Molluscs. It is occasionally seen on the 

The Autocrat at the Breallast Table. 

2 ‘‘Notes on Living Nautilus,” Basliford Dean, 1901, Amer. Naturalist^ 
XXXV. pp. 819-837. 

A. Willey, Zoological Residts, pt. vi., 1902. 
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surface of the water, specially after a storm, but this is not 
its normal haunt. 

Fossil Shells of the hFautilus type are common in the 
Nautiloid Palaeozoic rocks. They vary a good deal. Some of 

Forms, them have spirally coiled shells Avith all the coils 
in contact like the modern forms; in some {e-.g. Gijroceras) 
the spiral is loosely coiled 
so that the coils do 
not touch ; in others 
again the coiling is A^ery 
slight or the shell may 
even be straight (e.y. 

Orthoceras ) ; but, in all, 
the septa are simple 
concave plates pierced 
by the siphuncle.’’ 

Orthoceras chinense is 
the “Pagoda Stone,’' so 
called because of the old 
legend Avhich maintained 
that it Avas formed under- 
ground Avherever the 
tOAAmr of a pagoda cast 
its shadoAv. This beauti- 
ful fossil shell may be a 
yard long and four inches 
across its broadest end. 

Nearly all these shells, 
hoAvever, disappear after 
the Palaeozoic times. Orthoceras survived until the Trias and 
then this too became extinct, and Nautilus alone remains to 
the present day to represent the family. Fossil shells 
identical Avith those of the living Pearly Nautilus have been 
found plentifully in the London clay of Highgate and 
Hampstead. 

In the Liassic rocks are found quantities of 
fossils of coiled chambered shells like the Nautiloid 
forms but AAUth much more complex partition Avails 
or septa, though the lines of junction may be hidden under 
the outer layer of shell and only shoAv if this is remoAmd 
(see S in Fig. 110). Also in most of them there is a plate 



Fig. 109. — The Pearly Nautilus. 

s/i, Shell ; n.m, mantle fold detached from coil 
of shell ; li, hood ; e, eye ; o,t, ophthalmic 
tentacles. 
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Avliich in the fossil closes the mouth of the shell. These 
fossils cire the well-known Ammonites and they occur from 

Liassic rocks, at the base of the 
Jurassic, to the chalk, after which 
the genus appears to have be- 
come extinct. 

They vary in size from under 
an inch in diameter to the size 
of a cartwheel. Though in the 
genus Ammonites itself all the 
whorls of the shell are in contact, 
and all are exposed to view 
(Fig. 110, A), in some allied 
forms the coils are very loose 
and not all in contact, and in 
others the inner whorls are 
concealed by the outer as in 
Phylloceras (Fig. 110, B). 

The fossils called by quarry- 
men SnaJcestones are casts of 
Ammonites. The interior of the 
shell has become filled ujd with 
calcareous matter and then the 
shell and septa have dissolved 



Fig. 110 . — A, Ammonites \ 
1j, Phylloceras.^ 

s , Lines of Junction. 


awajq leaving the casts of the separate chambers looking rather 
like a string of very intricate vertebrae. 


Classijication of the CeijJialojJods mentioned in Chafer XIL 

Order Di-branchiata. Those with t^vo gills only. 

Sub-order 1. Octopoda. With eight tentacles. 

Octopus, Argonaut. 

Sub-order 2. Decapoda. With ten tentacles, two larger than 
the others. 

Cuttle-fish, Squid, Sejnola, Bfirula. 

Fossil forms : Belemnites. 

Order Trtra-branchiata. Those with four gills. 

Pearly ISTautilus. 

Fossil forms : Gyroceras, OrthoceraSj Ammonites. 


CHAPTER XIII 


PHYLUM XL : ARTHROPODA OR JOINTED-LEGGfED 
ANIMALS {e.g. LOBSTERS, CRABS, SPIDERS, 
AND ALL INSECTS) 

Amongst the loAver groups of animals, we have 
noted various means of j)rotectiori against the two 
chief classes of danger to which they are exposed : 
danger from the violence of the dashing waves in the case of 
those forms living between tide-marks in the sea, and the 
more widespread danger, occurring in all habitats, of the 
attack of enemies desirous of devouring anything edible. 
Some forms seem to flourish owing merely to the simplicity 
of the demands they make on their environment, and their 
enormous powers of reproduction and regeneration, as in the 
Protozoa and Hydroid Polyps. Others, such as earthworms, 
slugs, and snails, escape danger, to some extent, by living in 
sheltered places and by their cautious habits. The sessile 
sea-anemones avoid the danger of the violence of the waves 
by their power of contracting into a’ solid, resistant lump, 
and escape their enemies through possessing stinging cells, 
Avhich make them undesirable as food. Bivalve Molluscs 
and most Echinoderms survive owing to the secretion by 
them of a hard protective coat, which either entirely covers 
their soft body at all times, as in the starfish, or into which 
the soft body can be withdrawn, as in the mussel and 
03^ster. All such protective shells, however, such as those 
of the Molluscs, impede motion, and at the same time leave 
quite unprotected, when in use, the organ of locomotion, the 
muscular foot. 

The animals of the next group to be considered, the 
Arthropoda, are segmented like the worms, and are bilaterally 
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symmetrical, but unlike worms their many j^airs of legs are 
well developed and jointed, and each of these, as well as the 
head and body, is protected by a hard, horny, and calcified 
sheath or shell secreted by the skin below. This 
xo s eleton. the exo-sJceleton, and is peculiar 

in being jointed with each joint of the legs, and in its 
segmentation over the body wherever the need of bending 
renders such a segmentation advantageous, ,the skin between 
the segments being left soft and uncalcified. In this way the 
whole body is efficiently protected, and at the same time the 
legs are strengthened and so can not only support, but 
readily cany along; a much larger body than is possible in less 
specialised animals. Hence we find amongst those Arthropods 
such as the crabs and lobsters, in which the protective shell is 
most strongly developed, that the creatures reach a very con- 
siderable size and yet can move rapidl}^ 

The different mode, however, in which the shell is formed, 
and its increased complexity, are correlated with a dis- 
advantage that does not occur amongst the Mollusca. A 
snail keeps the same shell throughout life,' merely adding to 
the margin of it to meet the requirements of its growing body. 
In an Arthropod such a simple method of increasing the size 
of the shell is not possible, for it has been secreted from 
the whole skin below, and is a dead product which, when 
once formed and hardened by exposure to the air, is incapable 
Moult of growth or even of extension. "^Vhen, therefore. 
Shell, the shell gets too tight for the body within, it is 
or Eedysis. b^ipst and thrown off entirely, and the soft-bodied 
creature, which is now exposed, expands rapidly, before the 
new shell, which has been secreted below the old one, has 
had time to harden. Such a moult or eedysis takes place 
periodical!}?- at fairly frequent intervals in those Arthropods 
which have thick calcareous shells and which increase in size 
for several years. Professor J. A. Thomson says of the 
Crayfish that ‘Hhe moults occur in the warm months, eight 
times in the first year, five in the second, two in . the third, 
after which the male moults twice and the female once a year, 
till the uncertain limit of growth is reached.’’ 

During the moulting period the animal '■s very defenceless, 
and this time is usually spent in seclusion in some retired 
spot. In Arthropods of the Insect type, where the “ shell ” 
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is merely a horny trans|)arent skin, the moult still occurs at 
intervals ; it is probable that the reason for this is not 
merel}^ the need of rendering possible the growth of the 
body, but that the process is also physiological, being the 
means by which certain waste products of the body are 
eliminated d 

General Arthropoda form a very large group, all 

Arthropod alike in their bilateral symmetry and in having 
Character- a segmented, chitinous, and calcified exo-skeleton 
istics. enclosing the soft, boneless body. They ail show 
a more or less marked segmentation of the body externally. 
Each segment bears a pair of the typical jointed legs which 
give the name to the group {arthros^ a joint ; 'pous, a foot). In 
nearly all Arthropods the mouth is surrounded by a number 
of curious little structures known as the mouth parts] the 
development of these shows that they are merely the ordinary 
jointed limbs or appendages of the fused segments of that 
region, modified for the purpose of catching food. A.lso on 
the head there are, except in spiders, one or two j)airs of 
jointed antennae^ which again represent modified limbs. A 
body cavity is present, but this contains blood, being a 
development of the vascular system and not a true coelom. 

The external segmentation of the body is 
• System^ correlated to some slight extent with a correspond- 
ing repetition of the internal organs. This is 
shown in the main nervous system, which consists of a series 
of double ganglia, corresponding with the segments of the 
body and connected by a dp^'tble nerve cord. This cord with 
its ganglia lies on the ventral side of the body, but in front 
it divides and passes round the gullet to the dorsal side, and 
there terminates in a specially well developed double ganglion^ 
from which nerves go to the eyes and antennae. This dorsal 
ganglion constitutes the Irain. The resemblance of the plan 
of the nervous system to that of Annelids is noticeable. 

There is a single heart, having a single cavity. 
^of^Bloo^^ It lies just above the alimentary canal, and by its 
pulsations it propels the blood throughout the 
body, but the circulation and aeration of the blood are slow, 
and its temperature therefore low, so that Arthropods are all 
cold-blooded creatures, i.e. their temi)erature varies with 
^ CamhTidg& Ratnral Jlistory^ vol. v. p. 169. 
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that of their environment. This fact explains the great 
increase in activity noticeable in them in warm weather, and 
when the sun shines on them. 

The means by which the blood is aerated 
Respiration. according to the habitat of the different 

Arthropods. Crustaceans (crabs, lobsters, etc.) live always in 
the water, and therefore need the respiratory organs termed 
(jilU, which are adapted for the purpose of obtaining oxygen 
from that dissolved in the water. Arachnids (spiders) and 
Insects, on the other hand, either live on land, or, if in water, 
come to the surface to breathe, and they all have special 
air- tubes or tracheae which carry the air to all parts of the 
body (see pp. 205, 234). 

Most Arthropods undergo a more or less 
^^nt^' extensive metamorphosis, i.e. from the egg there 
hatches a little form very unlike the adult parent 
of the egg, and this young form or larva develops by definite 
stages into the adult form, the metamorphosis being accom- 
panied by frequent moul tings of the inelastic chitinous skin. 

This group of Arthropods is on the whole so 
.arthropods sharply marked off from any of the other 

' groups of animals, that it was long before a link 
connecting it with any other was recognised. This link is 


Fig. 1H. — PeriiMtus capensis. (After Balfour.) 

now found in the beautiful little creature PerijxduSj of which 
several species are known in various tropical and southern 
countries, and which combines in a curious way both Annelid 
and Arthropod characteristics. It has an elongated, vermiform 
body which is not apparently segmented either externall}^ or 
internally ; it is covered by a thin, velvety skin, coloured a 
rich dark green, or blue grey, or orange red above, and flesh- 
coloured below; there are two unbranched antennae on the 
head, two jaAvs, one each side of the mouth, and also a pair 
of little papillae on the head from Avhich the creature can 
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eject slime when irritated, or possibly it shoots this slimy jet 
over some small insect on which it desires to feedd The eyes 
are simple, like those of Avorms rather than of Arthropods. 
Behind the head there project, from the loAver side of the 
body, a number of paired appendages, on the end of each of 
Avhich is a pair of small claws. These legs, at first sight, 
appear jointed, but the visible rings do not mark true joints. 
In the structure of its heart Peripaius resembles an Arthropod, 
and it breathes by tracheae, as do all the air-breathing 
Arthropods ; and yet, on the other hand, there is Avithin the 
body a series of paired excretory organs recalling those of 
vVnnelids, and this resemblance becomes much more striking 
Avhen Ave trace their development, for it then becomes obvious 
that they, together Avith the single pair of reproductory 
organs and ducts, represent all that remains of a segmented 
coelom Avhich is clearly present in the embryo Peri])akcs, as it 
is in the adult Avorm ; indeed, at one stage of its develojDment 
the young Peni)ahm is very like a young Avorm. The young 
are viviparous, thirty or forty being born in close succession. 
The continuous body-cavity AA^hich is conspicuous in the adult 
is developed from tlie blood-vascular system as in Arthropods. 

Peri])atxis- may therefore be looked upon as a real link 
betAveen the air-breathing Arthropods and the Annelids, its 
connection being rather Avith the hfyriapods (p. 224) and the 
Insects than Avith the Arachnids, AAdiich probably had a 
diflerent origin, as did also the Crustacea. 


Class I. : CEUSTACEA 

(Ceabs, Lobsters, Shrimps, Water Fleas, etc.) 

General Crustacea are aquatic Arthropods breathing 
Character- tjq^ically by gills. These gills are thin-Avalled, 
istics. tubular processes from the body, through AAdiicli 
the blood circulates and is thus brought into close contact Avith 
the surrounding Avater and its dissolved oxygen, the necessaiy 
interchange of gases for purifying the blood taking jfiace by 
diffusion through the delicate membrane covering the gills. 
In some of the simpler forms only, gills are absent, the inter- 
change of gases taking place over the general body surface. 

^ Camh. Nat. Hist. vol. v. p. 9. 
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The limbs of Orustaceaj with the exception of the first pair, 
of antennae, have typically two branches arising from the 2nd 
basal segment, a characteristic j)ecLiliar to them amongst 
Arthropods. In the adult of some forms some unbranched 
limbs may be found, but these have aidsen as a modification 
of the two-branched structures found in the young. 

Higher Crustacea (Malacostraca) 

In the higher Crustaceans, a definite and constant number of 
segments and appendages occurs, namely, twenty segments and 
nineteen pairs of a 2 Dpendages, the last tail-segment alone bearing 
no appendages. In these higher forms, however, the segments 
of the head and thorax are difficult to distinguish, for, dorsally 
at any" rate, the separate segments of the exo-skeleton are 
fused into one ’shield -like j)iece covering the back and 
hanging down laterall}^ This dorsal shield is called the 
caraiKice, Amongst tliese forms are a number of genera 
which have the last five pairs of legs of the thorax enlarged, 
to form the “ambulatory” appendages or “walking legs,” 
for thej^ alonejare used in locomotion on the ground. Because 
of this characteristic they are known as the Decaiml (ten- 
legged) Crustacea] here belong all prawns, crayfish, lobsters, 
and crabs, the first three being examples of the Long-tailed 
Decagjodsj and the last of the SJmi-iailed Decaj'^ods, 

All Decapods have compound eyes borne on short movable 
stalks, of the same type as that illustrated on page 231. 


Order I. : Decapoda 
Long-tailed Decapod Crustacea 
Type : The Common Prawn {Palaemon serratus). 

The Common Edible Prawns live in shoals in rather deep 
water off our rocky sea-coasts, sometimes approaching the 
shore in large numbers. They are more common on the south 
and west coasts than on the east. 

When alive their colour is a pale greenish-grey, very 
transparent and beautifully marked with red and brown. 
When boiled they turn a bright red, thus differing from 
shrimps, which become merely a jRnkish-brown under the 
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same treatment. A full-grown prawn is about 4 inches long 
from head to tail, and the body is laterally compressed. Its 
general shajDe is shown in Fig. 112. 

The exo - skeleton consists of the carapace, 
^eleton" covers the head and thorax dorsally and 

laterally ; behind this, six separate shelly seg- 
ments covering the back and sides of the first six abdominal 
segments ; and finally a pointed tail-piece or telson. The cara- 
pace is extended forward as a strong-toothed beak or rostrum. 


an hi 



Fig. 112. — The Comuiou Prawn (appendages of one side only shown). 

anti, First antenna witli two “flagellae”; ajil.i, second antenna; nixi^, third 
“jaw foot” ; li to /g, five “walking legs” ; s, swimmerets. 

Ventrally, a thickened band or bar of the shell i^uns across 
each segment ; these bars are distinct in the abdomen, but 
are much fused in the thoracic region, though still distin- 
guishable. The carapace is thought to correspond to thirteen 
segments, and thirteen pairs of appendages spring from 
below it. 

Attached to the soft cuticle between the ventral 
and lateral portions of the exo-skeleton are the 
limbs or appendages, one pair to each segment; 
these are much modified in different regions of the body to 
suit the function they have to perform (Fig. 113). 

The head region of the carapace is sejiarated from the 
thoracic region by a transverse groove on the back ; it bears, 
besides the stalked eyes, two j^airs of long feelers or antennae. 
Surrounding the mouth, which lies right below the head, are 
also the modified appendages knoAvn as the “mouth-parts.^^ 
These consist here of one pair of hard biting jaws or mandibles^ 
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Fig. 113. — The Appendages ol‘ the Prawn re- 
moved from one side of the body and 
arranged in order. 

s, Scapliognathite. 


and two pairs of leaf -like 
“ soft jaws ” or maxillae^ 
which perhaps help in 
the subdivision of the 
food before it enters 
the mouth. These first 
five pairs of appendages 
belong to the five seg- 
ments of which the head 
is thought to be formed. 

The first three pairs 
of thoracic legs arc turned 
forward, and they also 
lie on the lateral borders 
of the mouth ; the}^ aid 
in passing the food into 
the mouth, and are there- 
fore termed ‘‘jaw feet” 
{maxilli 2 )edes). The first 
two pairs of these jaw 
feet are much modified, 
and their basal joints 
aid in the division of the 
food, but the last pair far 
more closely resembles 
the remaining legs of 
the thorax. 

The other thoracic 
legs, belonging to seg- 
ments 9 to 13, are the 
most conspicuous of all, 
and are known as the 
“walking legs.” In 
most Decapods they are 
all long and strong and 
seven -jointed, and the 
first two legs end in a 
little pincer-like claw ; 
in the prawn, however, 
the first pair of “walk- 
ing legs ” is relatively 
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thill and delicate, and is turned forward on the top of the 
jaw feet,’" l 3 dng doubled over just behind them, whilst the 
second pair is the largest of all, and bears the efficient pincers 
{chelae)^ with which the creature catches its prey. This is so' 
in the Common Shrimp {Crangon vulgaris) also, but in the • 
lobsters, crayfish, and crabs it is the^7'5^ walhing-legs that are 
specially enlarged, and bear the large pinching claws. 

The abdominal apj^endages are modified for swimming. 
They are relatively short, and each is two-branched, the 
branches being fringed with hairs ; the first five pairs, which 
are all much alike, are known as the sioimmerets, whilst the 
sixth, the last pair, is broadened and flattened, and turns back 
to lie on either side of the tail segment, thus forming the tail 
“ fin.” 

On the sea-bottom the prawn moves along on 
ovemen s. ^valking legs,” but when swimming these 

appendages are used little, if at all. A gentle forward- 
swimming motion can be attained by the movements of ' 
the swimmerets, but when startled the prawn will dart 
suddenly backwards through the water. This it does by 
violently and suddenly lashing its whole tail foinvard under 
its body ; this 
drives the water 
in front of it, and 
the reaction causes 
the body to jerk, 
backwards. 

The 

Respiration. j g 
g 1 s 

or respiratory 

organs are hidden 

away in a caAuty 

lying below the 

side “flaps” of the 

carapace, which 

should be cut away 

on one side, so as 

to expose the gills (Fig. 114). There will then be seen seven 

little white elongated plates, decreasing rapidly in size from 

the largest — attached to the body-wall just above the last 

walking leg — to the very minute little anterior one, attiiched 


c 



Fig. 114. — View of’ «'i Prawn, with one side of the 
Cai-apace cut away. 

c, Cut edge of carapace ; s, scapliognatliite or plate of the 
2nd maxilla. 
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at the base of the second “jaw foot.” These white plates 
are the gills in which the blood circulates, and in order 
to keep the blood aerated it is necessary that a constant 
current of water should pass over them. That this occurs 
can be demonstrated by putting a little carmine, or other 
easily visible but harmless powder, into sea-water with a 
living prawn, when the current will carry it in at the back 
margin of the side of the carapace, and out at the front 
margin. This current is maintained to some degree by the 
backward movement of the creature through the water, or, when 
it is at rest, by the movement of a little flat horny plate or 
“scaphognathite” attached to the second soft jaw or maxilla 
(Figs. 113 and 114, s) * this plate, by its movement, jerks the 
water out of the gill chamber at its front margin, and so 
causes fresh water to enter from behind. The blood is 
almost colourless. 

The sexes are distinct : the fertilised eggs are 
and are carried by the female attached to 
some of her swimmer ets until they hatch ; they 
are then protected in a brood-pouch made by the bending 
forward of the abdomen. 

The larml pxmns which hatch out are very unlike 
the adult : they are little, soft, transparent creatures with 
only rudiments of the thoracic walking legs, although all the 
appendages in front of these are well developed; the abdomen 
also, though fully segmented, has at first no appendages ; those 
on the sixth segment appear first, but the others do not 
develop until all the thoracic legs are complete. These larvae 
are known as Zooea larvae. (Cp. Zooea of Crab, Fig. 117.) 

As the immature larva develops, it goes 
through a series of moults, and when it has 
accpiired its final form and hard exo-skeleton the 
moult is still continued periodically, to allow for the further 
growth of the body. 

When the prawn is about to moult, its shell splits across 
the back, just between the thorax and abdomen, and the 
prawn gradually withdraws from the old shell first its 
head, thorax, and anterior limbs, and then its abdomen. 
The body is covered by the new exo- skeleton which has 
been formed beneath the old, but this is still quite soft, and 
whilst in this defenceless condition the animal has to remain 


XII! 


CRUSTACEA 


183 


hidden in some sheltered corner for fear of enemies ; gradually 
the exo-skeleton hardens and active life is resumed. 

At every moult, not only the external shell is shed, but 
also the lining of the gullet and gizzard (the first part of the 
stomach). This gizzard has on its inner walls thickenings of 
the cuticle forming hard ridges, and also projecting teeth. 
By means of special muscles these can be made to grind one on 
another, and so the food swallowed is thoroughly masticated. 

Senses compound, stalked eyes must give a wide 

range of vision and the sight seems fairly keen ; 
the sense of touch is specially located in the delicate antennae. 
In the basal joint of each of the first antennae there is a little 
cavity, from the walls of which spring hairs supplied with 
nerves at their bases ; the cavity contains a slightly gelatinous 
liquid in which are small solid particles, placed there a23parently 
by the prawn itself. This little organ, which is in free com- 
munication through a small ojiening with the water outside, 
is undoubtedly an organ of eguilihrium, and probably an 
auditory organ as well. The prawn is thought to have like- 
wise a sense of smell located in certain peculiar hairs on both 
pairs of antennae. 


Other Long-tailed Decag)od Crustacea. 

The Shrimp (Cranqon vulgaris) is very common 
The Common , i i i A v :• • i i 

Shrimp shores, and can be at once distinguished 

from the common prawn by its smaller size, by 
the form of its body, which is flattened from above rather 
than laterally, and by the absence of a prolonged rostrum, as 
also by the already mentioned fact that it does not turn 
a bright red when boiled. 

Lobsters and Crayfishes have very similar 
^SayfiThes structure to that of shrimps and jirawns, though 
they are, of course, much larger. 

In lobsters the first “ walking legs,’' which are the largest, 
are nearly always unequal in size on the two sides, one 
forming smaller cutting nij)]oers, whilst the other is larger 
for crushing food. These legs have ap^iarently six instead of 
the usual seven joints, for the second and third joints are 
fused together. A curious characteristic of these, and of 
many Crustacea, is their power of casting off jiart of a limb if 
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it is injured or seized by an enemy ; the end of the leg is 
voluntarily cast away, the breaking point being always 
across the centre of the second and third fused joints ; 
excessive bleeding at this point is prevented by a special 
membrane, which is pushed inwards at the point of rujjture. 
Within the membrane a new miniature limb is formed which, 
when next the shell is cast off, elongates rapidly and becopies 
functional. 

All young lobsters and the adult males are said to moult 
twice a year, but adult females only once ; it is a dangerous 
process, and not infrequently causes the death of the 
creature, either owing to some injury received whilst moulting 
is taking place, or to its defenceless condition if some enemy 
should then find it. 

Lobsters breed only once in two years, usually in July or 
August, when each female ^vill produce as many as 160,000 
eggs ! These are carried by the female on her swimmerets 
for ten or eleven months, and during this time the trapping 
of such lobsters (said technically to be ‘4n berry is for- 
bidden by law. 

Short-tailed Decapod Crustacea 

Crabs Crabs are essentially similar in general struc- 

ture to lobsters and shrimps, the great difference 
in their aj^pearance being due to the fact that the abdomen 
is jDermanently bent right under the thorax, so that it can 
only be seen from below (Fig. 115). Moreover, the carapace 
is very thick and strong, and is widened laterally, so that in 
most forms its vddth is greater than its length. The antennae 
which project forward are relatively small, and the mouth- 
parts are covered by the broad, flat, third “ jaw feet ” {maxilli- 
fecles ) ; the “ Avalking legs are very strong, and the first 
pair bear very large, powerful chelae or pincers. In the 
Edible Crab {Cancer) and in the Common Shore Crab 
{Carcinus) the large legs are adapted only for walking, and 
the crabs move by scuttling sideways at a good pace over 
the ground. In the Swimming Ci*ab or Fiddler (Fortunus), 
shown in Fig. 115, the last pair of legs is flattened and 
fringed with hairs, so that they form swimming paddles, by 
the movement of which the crab darts through the Avater. 
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The cabdoininal appendages or swimmerets, having lost 
their primaiy function of aiding in locomotion, are much 



Fig. 115. — A Swimming Crab {Portunics). 
(Seen from below.) 



Fig. 116. — Portunns, trom below, with the abdomen pulled down to expose 
s, the swimmerets ; ffo, the antennae ; mxp^, the 3rd “jaw foot.’' 

reduced. However, it is possible to see them if the abdomen 
is gently pulled down into the position shown in Fig. 116. 

In the common Spider Crab the front of the carapace, or 
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“foreheadj” is not rounded as in the Shore Crab and Swim- 
ming Crab, but is 23rolonged in front into a sharply pointed 
rostrum. The popular name of these creatures is due to 
the great length of their “walking legs” in compai’ison to the 
size of their body. 

Develop- The development of crabs is spcciall}^ interest- 
meat of ing. From the eggs hatch out small, transparent, 
Crabs. free-swimming larvae (Fig. 117), each with a 
carapace armed with two long spines ; a pair of large dark 
eyes is also present. The rudiments of the antennae and the 



first two pairs of jaw feet are developed, but no appendages 
further back than these. The long abdomen ends in a forked 
tail. This larva is known as a zooea larva (Fig. 117). 

Gradually the other thoracic ajDpendages develop and also 
the swimmerets on the abdomen ; the skin moults at intervals, 
and finally the larva sinks to the ground, looking rather 
like a little crayfish its “walking” legs having by now 
develojDed (Fig. 118) ; this is known as the Megalopa stage. 
When once it has taken to ground life, and has ceased to use its 
abdomen in swimming, the larva changes rapidly to the adult 
crab form ; the carapace broadens and the unused abdomen 
is tucked away. Ha'sdng acquired the adult form, the 
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little crab moults its shell 
regularly, and it is interesting 
to collect the whole series of 
shells obtained from a single 
shore crab. 

Such a series is shown in Fig. 
119, which is a photograph of 
specimens obtained from a 
single crab between May 1901 
and July 1904, and • exhibited 
in the British Museum. . 

The Hermit 

CrXs,^ is 

peculiar because of 

its custom of inhabiting some 
empty Gastropod shell, usually 
that of a whelk (Fig. 120). 

The hermit protrudes its 
head and great legs from the 
shell, but tucks its soft, long 
abdomen away inside, twisting 
it right round into the spiral 
cavity of the whelk shell. The 
soft abdomen protected in this 
way is very unlike that of 
other Crustacea, for not only 
has the hard exo-skeleton dis- 
appeared, but it is also asym- 
metrical (Fig. 121). Many of 
the abdominal appendages have 
disappeared, and those that 
remain are unequally developed 
on the two sides ; the Inst 
swimmeret of the left side 
forms a kind of hook, with 
which the crab holds on to the 
central column of the shell ; 
the last swimmeret on the right 
side is smaller, but used for the 
same purpose. All the other 
appendages of the right side of 



Fig. 119.— Series of cast shells obtained from 
a single individual Shore Crab (Carcinus 
macnas) kept in an aiiuariuin. The largest 
of these sliells was 2^ in. wide. 
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the abdomen are absent or very rudimentary, but the first 
three on the left side of the body in the female are fairly largo 
and hairy, being used by her for carrying the eggs ; a fourth 
rudimentary swimmeret may be present further down the 
abdomen. In the male, these appendages are all very small. 
It will be seen also that in both sexes the fourth and fifth 
“walking legs” are small and do not project from the shell. 

These hermit crabs can withdraw almost entirely into the 



Fig. 120. — A Hermit Crab [Pagurus) inliabitiiig a wlielk sliell. 


shell, shutting themselves in by holding the much enlarged 
right claw over the shell entrance. 

Although so curiously asymmetrical when adult, these 
hermit crabs begin life as little symmetrical 2:ooea larvae, 
veiy similar to those of ordinary cral)s, though without the 
long, spines ; they remain symmetrical up to a stage corre- 
sponding to the megalopa larva of crabs, when the}^ have 
five pairs of equally developed swimmerets ; they then give 
up an active life and settle at the sea bottom, and the right 
side of the body begins to degenerate and its internal organs 
to shift in position. How the larva finds a small shell to fit 
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it, and takes up its abode in it. As it grows too big for one 
shell it searches for another, bigger, empty shell, or it may 
actually turn out the right- 
ful owner and forcibly take 
jDossession of its shell. 

A curious, well-known fact 
about the hermit crabs is 
their custom of living in 
partnership with certain 
other creatures ; e,g, a 
beautiful sea Bristle-worm 
{Nereis fucata) is very fre- 
quently to be found idtliin 
the shell, whilst attached 
externally there may be one 
or more special sea ane- 
mones or a cluster of the 
little zoophyte Hydractinia, 
or a bright orange sponge 
that grows over and into the 
shell, closely investing it and 
rendering it unpalatable to 
many of the enemies of the 
hermit crab, for the sponge 
tissues are full of little flint 
needles.^ Though the crab is 
carnivorous, all these associated forms live peaceably together, 
the guests feeding off the discarded morsels of the crab's meal. 



Fig. 121. — A female Hermit Crab re- 
moved from a wlielk shell to show 
the soft asymmetrical Abdomen. 


Sessile-eyed Crustacea 

Besides the Decapods already described, there are other 
Crustacea which have more definitely segmented bodies, and 
in which eight thoracic and usually six abdominal segments 
bearing appendages can be recognised, but in which the 
carapace is absent, or is represented merely by the chitinous 
skin of the head fused with one or a few thoracic segments. 
In these forms the limbs are never branched, and the eyes, 
though compound, are always sessile. 

^ See discussion in The Wonder of Life, by Prof. J. A. Thomson, on 
‘‘Commensalism,” or the external association of two creatures for their 
mutual advantage. 


i 
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To tliis group belong the freshwater shrimps, the wood- 
lice, and the water slaters. 


• Order 2 : Amphipoda ^ 

The Freshwater Shrimp {Gammarus) is a small 
form, very plentiful indeed in rivers and ponds, 
where it acts as a scavenger, feeding on any dead 
animal or vegetable matter. 

The light brownish body is about an inch long and is 
laterally compressed. On the first division of the body can 

be seen two pairs of 
long antennae and the 
first thoracic append- 
ages, the jaws being 
hidden j next come 
seven distinct thoracic 
segments, each bearing 
a pair of jointed legs 
with a plate-like gill 
attached to the base 
of each. The abdomen 
consists of six segments 



Fig. 122. — Tlie Freshwater Shrimx:) 

[Gammarus imlexc), 

(Natural size shown by the line above.) 


bearing smaller, hairy appendages, and, at the end of the body, 
a small single tail-piece or telson, as in shrimps and prawns. 
The name Amphiimla^ given to this order of Crustacea, refers 
possibly to the two types of ambulatory limbs which are 
obvious on the thorax of Gammarus^ and also possibly to the 
two kinds of abdominal limbs, the three anterior pairs being 
branched, svdmming organs, whilst the three last pairs are 
peculiar stiff processes used in jumping. 

Gcmmarus swims very actively, either by the movements 
of the abdomen, or by jerking itself along with the three 
last pairs of thoracic legs. The three anterior pairs of 
abdominal legs are always in motion, driving a current of 
water over the gills. 

The male is considerably bigger than the female, and is 
often to be seen carrying the female in front of him, holding 
her b}^ the anterior thoracic legs. 

Sand-hoppers and Shore-hoppers are very similar to the . 

^ See page 198 for classification and general characteristics. 
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freshwater shrimps, and also are invaluable scavengers ; they 
are common everywhere on our coasts, burrowing in the sand 
above high-water mark. 


Water 

Slaters. 


Order 3 : ISOPODA ^ 

The Common Water Slater, or Water 
like Gammarus^ a 


IS, 


Louse 

small 



{Asellus aquaiims), 
scavenger very common 
in pond and river (Fig. 

123). It differs, how- 
ever, in having its body 
flattened dorso-ventrally 
instead of laterally, and 
all its legs of the same 
general type (hence 
the name of the order, 

Isojooda). Also the gills 
are attached to the 
abdominal appendages 
instead of to those of 
the thorax, and the 
abdomen is much re- 
duced in size. 

Wood-lice 
or Land 
Slaters are adapted to 
some extent to life on land, for the inner plates of their 
abdominal legs form ‘‘ gills ” containing little air-tubes some- 
what like the tracheae of insects ; the outer plates act as 
covers for these gills, so that they do not dry up, for although 
they can breathe air they are still dependent on moisture, 
and without it they speedily die ; they are therefore usually 
found living beneath a stone or a log of wood, or in some 
other sheltered and damp spot. 

They have a special way of protecting their young; a pair 
of plates grow inwards from the sides of the second to the fifth 
thoracic segments ; these plates overlap below, but a space is 
left between them and the body so that a brood-pouch ” is 
formed, into which, at the beginning of the summer, the eggs 

^ See page 198 for general characteristics. 


Wood-lice. 


Fig. 123. — The Water Slater {Asellus 
aciuaiicus), 

(Actual length is shown by the line to the left.) 
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are deposited, and here the little ones are carried for some 
time. Wood-lice feed on mixed animal and vegetable diet, 
and since they are said to attack seedlings they are eyed with 
disfavour by the gardener. 

J. B. Casserlcy has given an interesting description ^ of 
how the wood-louse sheds its skin. First it discards the back 
half, protecting the soft, new, exposed part by poking it into a 
corner. It then eats the discarded half skin and remains 
quiescent for three days, after which it throws off the front 
half of its old skin. The soft tissues now exposed in front 
tempt even its own kind to attack it, so that for safety’s sake 
it must be isolated, if it is being kept in captivity, for three 
more days, when this front half also will have hardened. A 
specimen -J- inch long will only moult once in six months. 

The commonest and one of the largest of British Wood- 
lice is the Garden Slater (Oniscm omUus), It has a rather 
broad, slate-grey body with yellow markings, and the tail 
appendages project behind the body as the animal walks. It 
is ^ inch to inch long. 

The Common Wood-louse {Arniadillidnm vulgare) is easily 
recognised by its habit of rolling up into a ball like an Arma- 
dillo, when touched ; also its tail appendages are not visible 
as it walks, and the antennae are tucked away when it 
rolls up. 

The White Slater (Platyarthrus Hoffmannseggii) (Fig. 124) is 
a much smaller, but fairly common form, 
not more than ^xr of an inch long ; it is 
notable because it always lives in the 
nests of ants, apparently welcomed and 
cared for by them (see p. 458). These 
white slaters are quite blind, and they 
have thick, rather short antennae. 



Fig. 124.— The White 
Slater {PlaiyartJvncs 
Iloffmannsegg ii). 
(Actual length ,\jth inch.) 


Lower Crustacea (Entomostraca) 

' All the Lower Crustacea are small. 


primitive forms in which the segmenta- 
tion of the body and the form of the 
appendages are very variable. They often have a 
median simple eye as well as two lateral compound eyes. 

^ Quoted by W. M. Webb in The British Wood-lice, Webb and Silleni. 


Single 
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Order 1 : Branchiopoda 


The Water 
Flea, 
Daphnia. 


The little Crustaceans known as Water Fleas 
are very minute, and extremely transparent, but 
in spite of this they 'can be readily seen in the 
water of a clear pond, as they swim up and down with a 
curious jerky movement in the early morning and the even- 
ing; during the hotter hours of the day they rest on the mud 
bottom. The name of the order refers to the leaf-like 
swimming appendages (Fig. 125). 

The commonest species is Daphnia puleo:. The carapace 
is compressed laterally, so that it forms a covering like a 
bivalve shell; it has a spine projecting backwards from its 
hinder end, and the head projecting in front. On the head 
are the two large compound eyes which have fused together 
to form a beautiful 
conspicuous struc- 
ture. The first 
antennae are rudi- 
mentary, but the 
second are very 
large and branched, 
for they form the 
organs of locomotion. 

The jaws (mandibles 
and first maxillae) 
are not visible in 
Fig. 125, but below 
the head can be seen 
the five thoracic 
limbs of one side. 

The abdomen has 
no appendages, and 
terminates on each 
side of the anus in 
a plate bearing a 
curved spine. The 
alimentary canal is 



Fig. 125. — Simoceplialus^ one of the Water 
Fleas. X 20. 

(Very like Dajihnia but ■without the dorsal spine at the 
end of the carapace. ) 

s, Shell-gland; li, heart; c, egg; 1, 1st antenna; 2, 2nd 
antenna ; 3-7, thoracic limbs. 

clearly visible through the transparent 
body, and also, lying dorsally, the heart can be seen, and in 
the female the ‘‘brood-pouch'’ in which the eggs are laid. 
During the summer the eggs laid are not fertilised, and yet 
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develop into new individuals, an examjDle of the phenomenon 
known as iiarthenogenesis. The new individuals jDroduced may 
again give rise only to other parthenogenetic females and so on 
for several generations, but finally there appear males as well — 
this is always so in late autumn. The eggs then produced are 
fertilised and form the “ winter eggs ” round which the cuticle 
of the carapace hardens, forming an egg-case which is shed into 
the water, and within which the eggs remain dormant until the 
following spring ; they then give rise to females only, which 
reproduce parthenogenetically. 

Order 2 : CoPEPODA 

Cyclops is another minute Crustacean very 
common in stagnant water ; The first antennae 
are in this case the largest of all the appendages and 
they help in locomotion ; there is a 
single simple median eye. The female 
carries two egg-sacs, attached one on 
each side of the abdomen (Fig. 126). 
In these the eggs are carried until 
they hatch. Cyclops multiplies with 
astonishing rapidity. Together with 
Dap)hnia, it forms the staple food of 
many other water-inhabiting creatures. 

Order 3 : Ostracoda 

„ • . Cypris again is a minute, 
single - eyed form to be 
Fig. 126.— x20. found in ponds. The body is trans- 
e, Egg-bag. parent and is enclosed in a bivalve 

carapace, owing to which Cypris was 
at one time confused with the bivalve molluscs. Its jointed 
appendages, however, indicate its true affinity. 

With the aid of a lens two pairs of unbranched, jointed 
antennae may be distinguished, and — near the hind end of 
the body — two pairs of short, jointed legs which may project 
beyond the shell. The second pair, however, is usually turned 
backwards and upwards, so that it is covered by the shell 
though it may be visible through it (Fig. 127). 
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Sometimes the mouth appendages, too, may he seen, 
though the sliell must he removed for all to he visible. 

There is one pair of mandibles and two pairs of maxillae, 
of which the first 


pair 

and 



is the larger 
bears a bran- 
chial plate fringed 
with hairs. The 
second pair is small 
and difficult to 
detect. 

The body ends 
in two long pro- 
cesses, which are 
said to be used in 
cleaning the shell. 

They often project 
from the body when the Cypis is swimming. 

There is another little form, Gandona, which is very similar 
to Cypris in structure, but which lives a far less active life, 
usually creeping over the mud at the bottom of a pond. It 
can be distinguished from Cypris by its narrower shell and 
by the absence of the conspicuous tuft of hairs on the second 
antennae, which characterises the latter. 

In both these genera, parthenogenetic reproduction seems . 
the rule. In many species, males have never yet been 
discovered. 


Fig. 127. — Cypris, x25. 

m. eye, Median eye ; anti, CLnln, 1st and 2nd antennae ; 
mnd, mandibles ; mx, maxillae ; li, l 2 i legs. 


Order 4 : OiRRiPEDiA 
Barnacles or Curl-footed Crustaceans 

The common Acorn- Barnacles {Balanus tintinna- 
^ bidum) are probably well known to all, for to them 

belong the hard, sharp-]3ointed, conical shells that 
are so plentiful on our shores on rocks and timber near high 
tide mark. This species may be an inch high. A mucli 
smaller species of Balanus often completely covers the rocks. 

When exposed at low tide, these shells can easily be 
obtained by chipping off a piece of the rock on ' which they 
grow; if then transferred to a bowl of sea-water their structure 
can be investigated. 
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The shell is calcareous, and is composed of a hard base 
fixing it to the rock, from which stands up a ring of six more 

or less triangular pieces ; 
these are fused together 
laterally, and the top is pro- 
tected by four smaller mov- 
able plates. Inside this case 
the animal can lie entirely 
hidden and well protected \ 
when submerged in the water, 
and desiring food, it lifts the 
four upper valves so that an 
opening is disclosed central^, 
and through this there slowly 
appear a number of beautiful 
Fig. 128.— The Shore Barnacle attached little curved feathery appen- 
to a rock (external momentary view dasres, which by their lashinCT 
when feeding). . It r i 

movement catch any food 

particles in the water, driving them down in a current of 
water into the mouth, 
which lies hidden with- 
in, and which has 
mandibles and two pairs 
of soft jaws {maoiUae) 
with which to masticate 
the food. 

If the animal is 
startled, the projecting 
appendages are very 
rapidly withdrawn, 
and the shell tightly 
closed once more. 

To investigate the 


structure 
thoroughly, 
necessary to 


more 
it is 
break 



Fig. 129. — ^The Acorn Barnacle with the right 
half of the shell removed. (After Darwin.) 


awa}^ 


one side of the 


A, Antennae ; St, stomach ; Lb, upper lip, covering 
IT r 1 1 iiio'itli ; Cr, thoracic legs ; MC, mantle cavity : 2 ), 

hard case of a dead oviduct. 

specimen, and expose 

the body and limbs as shown in Fig. 129. Even then the 
structure is difficult to understand, and can only be rightly 
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interpreted in the light of a knowledge of its mode of 
development from the little free-swimming, one-eyed, six- 
legged larva that hatches from the egg and gradually changes 
to the adult form. This larva becomes Cypris-like with a 
bivalve shell, and then after a time fixes itself, back down- 
wards, to some object by means of its tiny first antennae 
(Fig. 129, A.), The head much enlarges and alters; the 
creature loses its bivalve shell and secretes the base of 
another, fixing it to a rock ; then the mantle of skin round 
the body secretes the rest of the shell-plates. Finally there 
results a curiously modified, degenerate creature such as is 
shown in the figure, which lies on its back with its head 
attached to its shell, and with its mouth placed half-way down 
the body-mass (Fig. 129), close to the bases of six pairs of 
two-branched thoracic legs, which project beyond the shell 
when it is open and drive the food into the mouth. The 
abdomen is reduced to a little stump. 

Most barnacles are hermaphrodite, and the long tube (penis) 
from the spermary may sometimes be seen projecting from the 
shell beyond the thoracic limbs. The sense organs are all 
degenerate, except for the tactile hairs present on the limbs. 

The barnacle is a curious case of retrograde development 
and an example of modification of structure resulting from a 
change of habit. 

The Stalked Barnacles, or Goose Barnacles {Le])as cinatifem\ 
are very similar in structure to the Acorn Barnacles except 
for the presence of the long fleshy stalk formed from the 
region of the head below the first antennae, this region 
having become much swollen and elongated. 

Before dry docks became customary, these barnacles often 
used to become so numerous on the bottom of a ship that 
they had to be scraped off by divers when the ship was in 
harbour. 

The name Goose Barnacle” refers to the old legend, 
apparently of Scotch or Irish origin, that from each barnacle 
shell there hatched out a complete little bird like a miniature 
goose. This legend was believed even in the seventeenth 
century, when it was inscribed in the Transactions of the Royal 
Society ! 
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General Classification of the Crustacea mentioned in Chapter XIL 

I. Higher Crustacea (Malacostraca). — Those with a definite 
number of segments and ajipendages. 

Order 1. Decapoda. — Those with five pairs of walking legs 
and with compound, stalked eyes ; the carapace 
includes head and all thoracic segments. 

(a) Long-tailed forms : Prawn, Lobster, etc. 

(b) Short-tailed forms : Crabs. 

(c) Soft-tailed forms : Hermit Crabs. 

Order 2. Amphipoda, — In this order the carapace includes 
only one, or a few, of the thoracic segments, leaving 
others free ; the body is laterally compressed ; the 
gills are attached to the thoracic legs, which difler 
also in form from the abdominal legs ; the eyes are 
sessile : e.g. Gammarus, the Presh-water Shrimp. 

Order 3. Isopoda. — In the Isopoda the head fuses with only 
one thoracic segment, the body is flattened dorso- 
ventrally, the legs are all of the same type, the gills 
are attached to the abdominal segments, the eyes 
are sessile : e.g. Asellus^ the Water Slater ; Oniscns, 
the Garden Slater ; Armadillidium, the Wood-louse ; 
PlatyarthruSj the AVhite Slater. 

II Lower Crustacea (Entomostraca). — These are small 
forms with variable segmentation ; a median simple 
eye may be present as well as compound eyes. 

Order 1, Branchiopoda, — Small forms with leaf-like swim- 
ming appendages, usually with simple and com- 
pound eyes ; a large carapace is often present, e.g. 
in Daphnia^ the Water Flea. 

Order 2. Gopepoda. — Small forms with no carapace and 
usually about sixteen segments altogether ; com- 
pound eyes absent : e.g. Cyclops. 

Order 3. Ostracoda. — Small forms usually of about eight 
segments only, enclosed within a carapace having 
a bivalve form : e.g. Cypris^ Gandona. 

Order 4, Girripedia. — Much modified, sedentary Crustacea, 
with a body of a few segments surrounded by a 
fold of skin, which secretes in most cases a number 
of calcified plates that form a hard case round the 
body : e.g. Balanus^ the Acorn Barnacle ; Lepas, 
the Goose Barnacle. 
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Practical Work on Crustacea 


1. Study of Living Grustacea. — A live common or better 

still a small 2 ^rcavn, may be got straight from the sea or from some 
marine biological station, and its habits watched in the sea-water 
tank. When these Grustacea are kept in the tank, the bottom of 
it should always be covered, at any rate partly, with sea sand, to 
the depth of an inch or two, since the shrimp likes to bury itself 
in this ; the water must be well aerated. Large anemones must 
not inhabit the same tank, for they will devour their fellow- 
lodgers. The Crustaceans can be fed on little morsels of fish. 
They are often useful in a tank, for they will eat ujd any small 
particles of food dropped by the other inhabitants. 

A very small crab and a small hermit crab may be kept under 
the same conditions as the prawn, but care must be taken not to 
overcrowd the tank, as these creatures will only thrive when there 
is plenty of oxygen in the water. When a hermit crab is kept, 
it must be given a selection of shells larger than the one it is 


inhabiting, so that it may ‘‘move^^ when its increase in size makes 


this desirable. 

2. Investigation of the Structure of Grustacea. — Dead shrimps 
or prawns and a small crab can easily be obtained from the fish- 
monger, and their structure investigated ; sketches should 
made in illustration. 

3. Study of the smaller living Gi'ustacea. — Presh- water shrimps. 
Water Slaters, Water Fleas, Cyclops, and Cypris may usually be easily 
obtained by drawing a fine net through the water of any j^ond 
which has plenty of vegetation in it. Interesting experiments 
may be carried out to illustrate the rapidity with which some of 
these forms xnultiply. Single specimens of the water flea {Daiihnia) 
should be isolated, and the curious parthenogenesis which occurs 
noted. 

When possible all the more minute of these creatures should be 
examined under the microscope, when their beauty and complexity 
of structure will become more apparent. Enlarged sketches should 
be made of them. 

4. Wood-lice should be hunted for under stones or logs of wood. 
They may be identified by reference to British WoodlicCj by Webb 
and Sillem. There are twenty-five different British species. 

Their curious ways may be watched ' if they are kept in a 
“ live-box,’’ a tin with a glass lid and small air holes round its 
sides, and with a floor ^ inch thick of plaster of Paris which can 
be soaked with water so that the air above is kept permanently 
damp. 
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AETHEOPODA {coniimied) 

Class II. : AUACMKIDA 
(Spiders, Harvestmen, and Mites) 

• General The class Araclinicla is a very large one, including 
Characcer- many diverse orders, of which only three Avill be 
istics. mentioned here, viz. the Amnecie or true SjDiders, 
the Phalangiclea or Harvestmen, and the Acari or Alites. 

All the Arachnida are alike in being air-breathing forms, 
and in having the head and thorax fused together to form 
the cephalo- thorax. The head bears no true antennae, 
and only two pairs of jaws. There are four pairs of walking 
legs. The abdomen is segmented in some and not in others ; 
in the Mites it is not differentiated from the thorax. The 
sense organs are simpler than in other Arthropods, the eyes 
being simple and sessile 3 there is as a rule no metamorphosis 
in the development, the young being like the adult except 
for size. 


Order I : Araneae (The True Spiders) 

Spiders are Arachnids in which the abdomen is unseg- 
mented, and separated from the cejDhalo-thorax by a narrow 
constriction or ‘‘ waist.’’ On the under side of the abdomen, 
rather near its apex, are special spinning organs or S2nnnerets, 
from which are produced the silk threads with which a spider 
spins her characteristic snare or web. The head bears no 
antennae. It has usually eight simple eyes, but the number 
varies in different species 3 the mouth is flanked by two pairs 
of appendages — a pair of two-jointed jaws, cJielicerae (often 
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spoken of as the mandibles, though probably not homologous 
with the mandibles of insects), and a pair of six-jointed feelers, 
very like legs, known here as ijecUimlps. The last joint of 
the latter contains, in the adult male spider, a complex 
“ palpal organ ’’ — a sexual organ in which the sperm cells are 
temporarily stored (Fig. 131, i^p). The structure and life- 
history of the Common Garden Spider will elucidate many 
points in the structure and life-history of the Araneae 
generally. 

Tyioe : The Common Cross Spider {Epeira diademata). 

Eioeim diademata is the largest of our common garden 
spiders, and in the autumn, when it is full grown, it is easily 
found in nearly every garden, where its large, vertical, beauti- 
fully constructed web will be 
hung in many a sheltered corner. 

The spider is a 
brownish-yellow or 
reddish-brown 
colour of varying shades, and it 
can readily be recognised, when 
viewed from above (Fig. 130), 
by the white spots and lines 
on the back of the abdomen, 
arranged in the form of a cross, 
whence the creature gets its 
name of “ cross ’’ spider. The 
body of the female spider may 
be quite fths of an inch long, 
but the male is a little smaller. 

In a dorsal view, the union of 
head and thorax is obvious, but 
the constriction between thorax 
and abdomen is largely hidden 
by the overhanging of the 
latter. 

The Head head of the spider shown can be seen 

the eight simple eyes and the forwardly projecting 
pedipalps, but the jaws, which hang down vertically, are not 
visible. These are best examined from a front view such as 



Fig. 130. — The Common Cross Spider 
{^E'pcira diademata). 

(View from above. The line to the right 
shows the actual length.) 
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that given of the House Spider in Fig. 131, in which the 
two joints of the jaws can be seen; the sharply pointed end 
joint is able to close at will on the basal joint, like the blade 
of a clasp-knife. , The. jaws are moved sideways in Eidm 

and in all British spiders, 
with the single exception of 
one little burrowing form 
(At'i/jms), in which they 
work with an up-and-down 
motion. 

If the basal joint of one 
of these jaws or fangs is dis- 
sected, inside there will be 
found a ]joison glanclj from 
which, when the spider seizes 
his prey, poison runs down 
through a narrow duct and 
out of an opening near the 
tip of the sharply pointed terminal joint, finally entering 
the wound made by the bite and paralysing or killing the 
victim. 

The lediialps consist mainlj^ of the four terminal soft 
joints which act as feelers, but the basal joint next the mouth 
is hard, and functions as an extra jaw in masticating the food. 
The moiithj which lies below the jaws, is difficult to find, for 
it is hidden between two fleshy pro- 
cesses which adhere to one another 
when the mouth is not in use. 

The under part of the 
e T orax. bears four pairs of 

seven -jointed, hairy legs, coloured 
characteristically in Eieira with dark 
bands running across the general, 
lighter surface. Each leg bears on 
its end joint a pair of toothed claws, 
below them a hooked median claw, 
and below this again some stiff pio, i32._Tarsns or Foot of 
serrate hairs. By means of these Epeim diademata. 
the spider can run along or up the 

thinnest silk thread with ]Derfect security. On the last 
two legs, the claws can be moved to grasp things, and when 




Fig. 131. — The House Spider 
( Tegcnaria domcstica). 

View of the liead seen from the front. 

/i, Head ; pp, pedipalp ; mud, jaw or clielicera. 
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hanging from a thread, it is always witli these opposable 
claws that the spider grips. 

The much swollen abdomen bears underneath, 

Abdomen ^^^ar its tip, the spinning glands or “spinnerets.’^ 

and its These consist of three pairs of short, veiy 

Spinnerets, j^^obile processes. The second pair in Eimra is 
hidden below the others when not in use, consequently only 
two pairs show in Fig. 133; these 
two are each two-jointed, but the 
median inner pair has onlj^ one 
joint. 

At the tip of each jn’oeess are 
small projections of different sizes, 
on which are the openings of the 
silk-spinning glands of the abdomen. 

As many as 600 glands open on 
separate little j)^’ojGctions on the 
three pairs of spinnerets ; from each 
of these a gummy fluid can be 
emitted which, as it dries in the 
air, forms a fine silken thread. 

Certain of the projections are larger 
than the others, and are known as 
the “spigots,” to distinguish them 

from the much smaller and more diadomaia. 

numerous processes, known as the ventral view showing jaws, 
“spools.” There is one spigot on each pocbpaips, logs, two pairs or spin- 

r -c 1.1 nerets, and anal papilla. 

01 the first pair of spinnerets, three 

on each of the second, and five on each of the third pair. The 
spigots and spools have their own special functions, the former 
giving out stronger, coarser silk threads than the latter ; the 
silk used in making the lines of the web is usuall}^ emitted from 
the spigots of the first pair of spinnerets alone, though some- 
times a spigot on each of the median spinnerets adds an 
additional strengthening strand ; the web threads are there- 
fore double or sometimes fourfold, the strands adhering to 
each other along their whole length, but being quite easily 
separable. The popular idea that these threads consist of 
many strands woven, into one by the spider is erroneous ; it 
arose probably from the fact that each of the main threads is 
tethered, as it were, to its point of attachment by a number 
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of extra, very small, fine threads which are given out by 
the spools for this purpose, but which are quite distinct 
from the “ spigot threads ” which form the line. 

Other details of the uses of special spigots or spools ai’e 
given below in describing the web-formation.^ The action 
of the spinnerets can be readily seen when the spider is 
making her web. 

Just below the spinnerets is the situated on a little 
process which projects forwards (Fig. 134). 

The spinnerets are clearly shown in Fig. 134, which, 

however, is taken from the 
spider a genus fairly 

common in cellars and under 
stones and bark. It differs 
from the garden spider in the 
position of the median spinnerets 
(they are hidden in Epeim)^ 
and in the presence of the 
^ cribellum, a special sieve -like 
area covering extra silk glands. 
The silk from these is drawn 
spinnerets. pores by the stroking 

action of a row of stiff bristles, like hairs, on the fourth pair 
of legs. 

There is no segmentation of the abdomen to be seen, 
though a few bands of darker coloration occur just above the 
spinnerets. These have, however, nothing to do with any 
true segmentation. 

Lung-books front of the darker patch on the abdomen can 

and be seen the two transvei’se slits, which lead into the 
Tracheae, respiratory organs, known as the “lung-books.’’ 
(These slit-like spiracles, or “stigmata,” are shown in Fig. 133 
as the lower line on each of the two light areas below the 
abdomen.) 

The special kind of respiratory organs known as “lung- 
books ” occurs only in air-breathing Arachnids. 

Each of the stigmata opens into a small cavity extending 
forward. From the front wall of this cavity there project 
into it a number of thin jDlates, usually 15 to 20 of them; these 
are the “leaves” of the lung-book. Each leaf, however, is 
^ See also paper by C. Warburton in the Q. J, Micr. Sci. for April 1890. 


134. — Spinnerets of the Spider 
Amaurobiics. 

a, Anus ; cr, cribellum ; is, ms, ss. 
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hollow and contains blood, and this is purified by the air 
taken into the cavity through the stigma.. The purified blood 
is carried back to the heart by a special blood-vessel. 

Besides these lung-books, there are within the bod}^ 
“ tx’acheae or air-tubes such as those found in insects (see 
p. 234). These open by a single median aperture (spiracle) 
behind the lung-books. (In Fig. 133 this aperture is con- 
cealed in the darkly coloured patch.) 

Between the stigmata of the lung-books is seen a little 
backwardly projecting process which contains the ovipositor 
or egg-laying apparatus of the female. - This process {epigyne) 
is only present in the full-gi-own spider after its last moult. 


h 



Fig. 135. — Diagrainnicatic longitudinal section tlirough. the body of a young 

E])eira. 

a, Anus ; s, spinneret ; sg and sg', silk glands ; sp, spiracle ; t, tracheae ; o, ovary ; 
Is, lung-sac; h, heart; ss, stomach; d, diverticulum of stomach; c, e.ves; poison 
gland ; o, opening of gland on mandible ; in, mouth. 

Habits through the summer, the spiders live on 

the food caught by the lady spider for her own 
consumption in the snare she weaves. This snare or web is 
constructed by her quite alone, the male taking no part in it, 
though he will at times carry off the food caught in it by his 
mate. Sometimes he will weave a small, rather imperfect web 
of his own, but his skill is far less than hers. 

Her web is frequently made afresh each day in the summer 
during the most active weeks of her life, what remains 
of the old one being probably collected together into a ball 
and eaten before the neiv one is started, as Fabre noted 
in the case of the “Banded Epeira.^’ ^ Fabre states that 
^ Not British. 
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he believes that no spicier ever its broken web, but 

that E'pdra diaclemata at aiay rate can do so, can readily be 
proved by breaking a few strands of the web, noting the 
position of the break carefully and then observing it the 
next day,"^ Young spiders are said to weave their snares in 
the daytime, but the old spiders work at night. 

The Con When about to start a new web, the spider 
structioTof begins by carefully laying down the strong 
a Web. The boundary threads, to which the rest of the web 
v/ill be attached. To make these — if she is 
working in such a spot that she can run round 
to the different points of attachment necessary for these 
threads — she merely presses her spinnerets against the first 
point, to fix a thread, and then walks off, drawing out more 
and more silken line as she goes, holding it carefully with 
one of her hind legs away from any object to which it might 
stick ; when she has reached a point convenient for the 
attachment of the other end of the line, she stops, pulls 
the thread tight, and then fixes it by again rubbing the 
spinnerets against this second point. Usually at each end 
of the line the little divergent mass of threads mentioned 
above (pp. 203-4) can be seen, fixing the central thread to 
its supports. This line is then strengthened, for the spider 
walks along it and fixes another thread to it as she goes. 

By repeating this process, several strong boundary threads 
are laid down, usually forming an irregular, four- or five-sided 
figure. These first threads may frequently stretch right 
across a window frame a yard or more in width ; in fact, 
cases are recorded where they were three times this length. 

The spider next starts on the construction of 
oJ^tbe^^b^ the web itself, fixing a thread near the centre of 
the top boundary line, and dropping with it, or 
carrying it round, to the centre of the opposite boundary, and 
fixing it there. The centre of this first diagonal is thickened 
with a little mass of silk and to this the radiating spokes 
will be joined. The spokes are first attached to one of the 
boundary threads, and then carried up a diagonal to the 
centre, drawn tight and fixed there, any surplus length being 
added to the central silken mass or “hub.’' This process is 
continued until there are sufficient radiating threads to 
^ Life of the Sjncler. J. H. Fabre. 
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support the spiral. The framework likewise is frequently 
strengthened by additional threads, binding it to fresh 
supports, so that it becomes very ixTegular in shape (Plate 1.) 

The Tern- Then, starting from the centre, the spider first 
porary forms there a little irregular platform, and, from 
Spiral, beyond this, she starts a' spiral line which 

is fixed to each spoke as it crosses it. The first line winds 
in a wide spiral of several turns, and is only a temporary 
scaffolding, to give foothold, whilst the spider finally lays 
down the very viscid .spiral which constitutes the effective 
snare, in which insects are caught. All the previously formed 
threads dr}^ in the air, so that they are not in the least sticky ; 
the viscid substance now used for the snare is given out from 
special spigots on the last pair of spinnerets. 

The permanent spiral is begun at the circum- 
ference of the web, and is laid down with great 
care, each piece of thread being slightly stretched 
as it is fixed to the spoke it is crossing, and then suddenly 
released. It springs into its final position, and as it does so, 
the viscid fluid, which until now has covered it uniformly, is 
shaken into a series of little globules that hang on the thread, 
and can be seen distinctly with a lens, though invisible to 
the naked eye. Fabre ^ states that in the Banded Epeira 
which he. studied these viscid threads are tubular and are 
tightly twisted, which gives them great elasticity. The tube 
is filled with the viscid substance, which gradually exudes, 
keeping the thread in good condition. The non-viscid spokes 
are simple, straight, solid threads. 

As she lays down the viscid thread, the spider moves 
along the first non-viscid spiral; biting each piece away after 
she has made use of it. 

The central dry platform she leaves unaltered, and there 
is often a fairly wide space between this and the viscid spiral 
(Plate L). This non-viscid resting-place is doubtless convenient, 
though Fabre ^ saj^s of another allied species that it does not 
stick even to the viscid threads owing to an oily exudation from 
the body. If this is removed from the legs by dipping them into 
carbon-disulphide, which dissolves the oil, the spider at once sticks. 

The spider may often be seen resting on the central 
platform of her web, but more often she leaves it, carrying 


Op. cit. 
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When she 


Treatment 
of Prey. 


separate thread which she has fixed at the centre, 
reaches some safe retreat — perhaps under some 
leaves close by the web — she sits 
there, with her foot on the signal 
line which she has carried with her. 
A strong vibration of this will 
mean, probably, that some insect 
has been caught in the snare, and 
she will then hurry out to investi- 
gate. 

If the victim caught 
is a small one, it is at 
once killed by a bite 
from the poisonous- jaws, and 
carried off to be eaten at leisure. 
If, however, it is too big and for- 
midable to be treated so sum- 
marily, the spider approaches 
cautiously, cutting away some of 
the web if necessary, until the 
victim is dangling on a tliread or 
two. She will then touch it 
carefully with one extended leg, 
and set it spinning round,, and 
as it passes, fix on to its bodjr a 
broad band of fine silk threads 
emitted by the spools, and wind 
it up in these until it is quite 
helpless, and can be seized with 
impunity (Fig. 136). Sometimes, 
when a dangerous insect, such as a wasp, gets entangled, the 
spider will set it free by biting away the threads all round it. 

The male spider, as has been said, is smaller 
female, and generally lives more in the 
background. Indeed his life is in constant danger 
whenever he tries to approach his mate, for if not in a mood 
to receive him, she will dart out and attack him. At times 
she may even kill and eat him ! His cautious courting of her 
may be seen fairly often. It seems to begin with telegraphic 
communications between them by means of vibrations of a 
thread of the web ; then follows his cautious approach and 



Fig. 136. — A Spider wrapping 
silk round a dangerous victim. 
(After Grant Allen.) 
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Eggs. 


rapid retreat if she seems unfriendly. He drops on a single 
thread of silk but soon climbs it again, once more to pay his 
addresses to her, until finally he attains his desire ; ^ but even 
when he is accepted and saves his life, it is not of long dura- 
tion, for he dies soon after mating. 

The eggs are laid in the autumn, some hundreds 
together, inside a round, bag-like mass of golden 
silk threads, which is fixed inside a crack in the bark of a tree, 
or under the cross-bar of a 
fence. This egg-bag, or egg 
“ cocoon, as it is often called, 
may be f of an inch in dia- 
meter. The young, bright 
yellow sj^iders may hatch out 
in a few weeks, but more often 
they remain dormant the whole 
winter. When they first emerge 
they cling together for about a 
week, in or close by the cocoon, 
forming a golden ball. If this 
ball is touched, the little 
spiderlings immediately 
drop a short distance on silk 
threads (Fig. 137) and then after 
a time climb up them again. 

Until they have 

skins, the young 
spiders are unable to feed, but 
as soon as this is possible, they 
disperse, for they will no longer 

live f)oaceably together. If food is scarce they will fre- 
quently take to cannibalism ! When first hatched they are 
yellow with a black patch on the abdomen and no white 
markings, but in most respects they resemble their parents ; 
they only gradually, however, become fully mature, usually 
after about nine moults. When moulting, the spider assumes 

^ For an account of the courtship and mating of the Angular Epeira ” 
see Fahre’s Life of the Sindcr. Also see Gom’tsJii}) of Animals liy Py craft, 
and observations by J. and E. Peckham, quoted by Prof. J. A. Tliomson 
in The Study of Animal Life, cliap. vi. (1917), from Occasional Pajjers of the 
Natural History Society of Wisconsin, vol. i., 1889. 



Fig. 137 . — Eimra diademata. A 
sAvarm of young spiders dropping 
from a “ cocoon.” 
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first tlie attitude shown in Fig. 138, a\ the skin then splits, 
and the spider wriggles its way out and drops as shown in 
Fig, 138, 6, remaining thus suspended for some 15 minutes 
^ whilst the new skin hardens. When 

^ — r-r-Ti — : limbs have been lost, they are renewed 

L “ •• '■"■1 at the next moult, though they are at 

i . relatively small. 

Spiders, young and old, 
all disappear before winter, 
but though many perish, some survive 
after hibernating through the cold 
months. Under favourable conditions, 
they may live for two or three years. 

It was thought at one 

S^tbe^SUk might be pos- 

sible to utilise the silk 
spun by spiders, in the same way as 
that of silkworms, and certain experi- 
ments have been made with the silk 
from the cocoons of the common Cross 
Spider, the cocoon silk being much 
stronger than that used in constructing 
the web. It was 
found, however, that 
though it was pos- 
sible to use the silk — indeed certain 
stockings and mittens were actually woven 
of it— it was inferior in strength and 
quality to that of the silkworm. Also the 
spiders are exceedingly difficult to keep 
under control. 

When the young spiders first 
disperse in the autumn or spring, 
the}'' do so in a curious way. They climb 
to some exposed point, and there each lifts Fig. 139.— A young 
its body as high as it can, standing on the 
tips of its feet. In this position it begins ^After Emertou.) * 
to exude silk from its spinnerets. The 
little mass of silk is soon, caught on some slight current of air, 
and is drawn out until quite a long thread is floating 
in the air. When the wind catches this with sufficient 


Fig. 138. — A Spider moult- 
ing : a, the empty .skin ; 

the spider. (Alter 
Grant Allen.) 


Gossamer. 
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force, the spider seizes the thread with its claws and is 
wafted away, borne by the silk streamer. In this way 
voyages of considerable length may be made ; and when it 
has had enough “ ballooning,” it is said that the spider can 
bring its travels to an end, by hauling in the thread with 
its legs and rolling it into a ball, so that it finally drops to 
earth from its own weight combined with that of the now 
tightly rolled up silk. It seems only possible for it to 
jDroduce such free threads of silk when there are currents of 
air to draw them out. The spiders seen flying in this way 
in the autumn are of many different species ; perhaps they are 
most commonly the young of Lycosa species (see p. 216 ), or of 
those small Theridiid spiders which live amongst the grass. 
AVhen watching these spiders starting on their travels we recall 
how the same sight caused Walt Whitman to write : 

A noiseless, patient spirler 

I marked where, on a little promontory, it stood isolated ; 

IMark’d how, to explore the vacant, vast surrounding. 

It launch’d forth filament, filament, filament out of itself ; 

Ever unreeling them — ever tirelessly speeding them. 

And you, 0 my soul, where you stand / 

Surrounded, surrounded, in measureless oceans of space. 

Carelessly musing, venturing, throwing — seeking the spheres to connect 
them ; 

Till the bridge you need will be form’d — till the ductile anchor hold ; 

Till the gossamer thread you fling catch somewhere, 0 my soul. 

Other True Sjyiders 

There are many other spiders, differing somewhat in details 
of structure, and greatly in habits, but only a few can be 
mentioned here. It is convenient to group them provisionally 
according to their habits and the kind of snares they weave. 

.pjjg In such a classification, the Cross Spider, already 
Orb-weavers described, would be included in a group of ‘‘ Orb- 
(Epeiridae). ^yeavers ” {Eyeirklae), because of the circular or 
wheel-like web it spins. This is a very large group, con- 
taining many British forms. 

The Line- Most of our British spiders are included in 
‘.weavers the group of the Line-weavers {Theridiidae). 
(Theridiidae). they make is a great contrast to that of 

the Orb-weavers, for in it very little art is displayed — it often 
consists merely of an irregular network of threads. In some 
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cases a horizontal sheet of threads is formed, with a loose net- 
work of threads in the bushes above it ; insects get caught in 
the network and fall into the web, beneath which the spider is 
usually hanging, waiting for them. Such simple snares are to 
be seen at times spread out on gorse bushes or on low 
hedges. One very minute “Line-weaver^’ (TheTidion ixillens) 



Fig. 140 . — Tlieridion pallens. 
Egg-cocoous. 


Fig. 141 .' — Thericlion iKLll&ns. 
A, Female ; male. 


constructs a curious little white egg-cocoon, often to be found 
on the under sides of the leaves of various j^lants (Fig. 140). 
The cocoon is larger than the spider itself. The young 
spiders that hatch out often eat one another ; only a small 
percentage is said to survive. The male and female Tlieridion 
yallens are shown in Fig. 141. The female spider is only 
about ^ inch lung. 

The Cobweb- The group of the “ Cobweb-weavers ” (Agele- 
weavers nulae) includes the Common House Spider {Tege- 
(Agelenidae). (Fig, 142), and also the spider, 

Agelena lahyrinthica^ which makes horizontal, concave sheet- 

webs amongst the 
grass or in hedges, 
with a silken tunnel 
running down from 
one corner, at the 
bottom of which the 
spider waits. These 
webs, like the cob- 
web of the house 

1 - f.n ^ -7 7 . 71 - 7 . . X spider, are made of 

Fig. 142 . — Tcgenaria domesiica \\\iq ^ ,, t 

very fine threads 

and are not stick}^ at all.-. Belonging to the same family as 
these Cob web- weavers, though living under very different 
conditions, is the Water Spider, which is described below. 
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Water Spider [Argyronetci aqiiatica). 

The Water Spicier is fairly common in our ponds, and is a 
most interesting inmate of an aquarium, where, if supplied with 
a few long spra37's of water-weed, she will soon begin to weave 
her very beautiful 
little web. This 
is at first horizon- 
tal, but in time 
becomes dome- 
shaped (Fig. 143, 

N) owing to the 
air which the 
spider brings 
down from the 
surface and dis- 
charges below it. 

This air is carried 
in a bubble adher- 
ing to the hairs 
on her abdomen 
(Fig. 143, S, h): 
sometimes she 
supports it also 
with her hind- 
legs, as she carries 
it down ; finally 
she discharges it 
below her web 
by brushing it 













Fig, 143. — The Common Water Spicier 
(.i "! rgyroneta acfiiaiica). 


S, The spider carrying down a bubble of air (b ) ; 
iV, the dome-shaped web or “nest.” 


off with her legs. 

The bubbles rise 
and become en- 
tangled in the 
web, raising it, until — when sufficient air for the needs of the 
spider has been brought down — the web may have attained 
a shape such as that shown in Fig. 143, W, although it is not 
always so lofty as this. 

This “ web ” is usually known as the spider’s ‘‘ nest,” for 
it is not used as a snare, but as the lady spider’s home, 
where she retreats when she has caught food at the surface 
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of the water, bringing it down to eat in peace in her little 
air-bell below. Late in the summer, she lays her eggs, 
separating off by a transverse wall of silk the upper jDart of 
the dome, to act as a “nui'sery.^’ In a nest, very similar, but 
at a greater depth in the Avater and made of denser silk, she 
spends the aau liter in a more or less torpid condition. 

For convenience in passing from place to place in the water, 
the spider weaves fine silk threads running from her “ nest ’’ 
to the surrounding Aveeds, and along these she runs Avith less 
effort than that needed in swimming. The male spider also con- 
structs an air-bell, at any rate in the mating season, AAdien it is to 
be found-close by that of the lady spider. In the Water Spider, 
alone amongst spiders, the male is larger than the female. 

The body of a AA^ater spider is covered AAuth short hairs, 
making the surface like veh^et ; consequently air becomes 
entangled amongst the hairs, so that though the body looks 
black out of Avater, under AA^ater it looks as if surrounded 
by a globule of quicksih^-er and is a really beautiful object. 

Running spiders, though living on the ground, 

Spiders or spin no Aveb at all, but depend entirely on their 
Wolf Spiders hunting poAA^ers for obtaining sufficient food. The 
(Lycosidae). ZycasicZae are amongst these. 

Many of them hide themselves, Avhen not hunting, in a little 



I — H real Size 

Fig. 145. — Head of the Wolf Spider 
Fig. 144. — The Wolf Spider seen from the front. 

2nda) carrying her egg-bag, e. p, Pedipalp ; m, jaw. (Much enlarged.) 

buiTOAvin the earth, lined AAuth silk. From this they stealthily 
creep out, Avhen the sun is shining, to stalk their prey, 
pouncing upon an unAvary fly, and soon overcoming it by 
means of a bite of their poisonous jaAvs. It is then carried 
off to the home burroAv and devoured at leisure. 

Good sight is necessary for success in hunting, and the 
form and arrangement of the eyes are peculiar in this group 
(Fig. 145). Four small eyes, just above the jaAvs, look for- 
Avards ; above these, tAvo relatwely large eyes gaze out also 
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in front, whilst two more eyes, one on each side of the top of 
the head, keep a look-out upwards. 

The female wolf spider {lAjcosa\ in the breeding season, 
always carries with her a little, light-brown or grey, spheroidal 
bag of eggs, which remains attached below her spinnerets 
until the young ones hatch out, when they climb on to their 
mother’s back, often completely covering her, and here they 
are carried for some months, gradually dropping off and be- 
ginning life for themselves. During the winter they lie 
hidden under stones or in some crack or crevice. In spite of 
an apparently striking display of maternal care for her eggs 
and young, the “Narbonne Lj^cosa” has been shown by Fabre 
to exhibit a curious lack of intelligence, for if her bag of eggs 
is taken away from her and a ball of pith or cork of the same 
size and shape given her in its place, she will adopt this and 
show as much maternal solicitude for it as for her own eggs. 
For example, every morning she will climb out of her tunnel 
on to the little stone parapet which she has built round its 
mouth, and there she will place herself with her head inwards, 
■and with her back legs outstretched to hold up the little 
ball to bhe sun, turning it round and round so that all 
sides get their share of warmth, a custom of undoubted 
advantage to the little developing embryos within the 
eggs, but very misplaced energy in the case of a mere pith 
ball ; she will do this for three or four weeks, abandoning 
the ball, however, when the hatching time arrives with no 
result.^ 

Lycosa saccata is a very common wolf spider; it has a 
yellow-brown body with darker markings, and a pale-brown 
egg-sac. 

Lycosa picta is found on the sandhills by the sea-coast or 
on sandy commons inland ; it is of a reddish-brown colour 
with deeper stripes. It makes little burrows in the ground, 
excavating and carrying out the earth with its jaws. The 
burrow is Y-shaped, with one rather longer arm coming to 
the surface of the soil, but the other arm and the stem of 
the Y ending blindly.^ 

Lycosa firata (the Eaft Spider) is a wolf spider that is 
often found on the surface of the water in June, though 

^ The Wonders of Instinct^hY H. Fabre. 

^ Spiders^ by C. Warburton (Camb. Univ. Press, 1912). 
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Fig. 146. — The Zebra Spicier 
( SalHcus sccni cus), 

Af Dorsal view of spider ; B, head 
seen from the front. 

The line on the left shows 
actual length. 


living by the water edge. The poisonous Tarantula is a 
large wolf spider of South Europe. 

The Jump- Jumping Spiders also form no snare, but 

ing Spiders wander about stalking their prey, or jumping 
(Attidae or suddenly on to it as it approaches their hiding- 
Salticidae). Thej?- usually leave a silk thread behind 

them which attaches them to the spot whence they sprang — 
a custom which frequently saves 
them from a fall when hunting, as 
they so often do, on walls and fences^ 
These spiders do not carry their 
eggs with them, but deposit two 
or three little white cocoons in silken 
nests in some crack or corner. 

The commonest British jumping 
spider is Saliicus sce?iicus, a small 
form with a black body, with 
white zebra markings both on 
the body and on the rather short, 
hairy legs. The female is about of an inch long, the male 
rather smaller. The arrangement of the eyes differs from 
that in the wolf spider; four are large and look forwards, 
the other four are placed on the top of the head in two rows 
and look upwards, the central two being very small. 

The ways of these spiders at the courting time are well 
worth watching. The males go through most curious dancing 
antics before the female they wish to captivate. 

The Trap- Trap-door Spiders form beautiful little 

door Spiders silk-lined tunnels in the ground, closed at the 
(Ayiculari- surface by hinged lids. These spiders • are not 
idae). found in Britain, though they occur plentifully 
in South Europe. 

The Drassid Drassid Spiders are very common in 

Spiders Britain. They are large, dull- coloured, brown 
(Drassidae). spiders, often to be seen on turning up a stone or 
pulling a piece of loose bark from a tree. They can usually 
be quickly recognised by the position of the spinnerets, which 
project from the end of the body, and so can be seen from 
above (Fig. 147). 

There are eight eyes in this spider also, but they are in two 
rows only. The body of the male spider is nearly an inch long. 
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The Money- The Money-spinners {Ericjoninae) are the very 
spinners numerouSj minute, 

(Erigoninae). d u 1 1 - c 0 1 o u r e d \ 

foi'ms to which is largely due 

the “ gossamer,” so plentiful in \ 

autumn. 

The Crab- T 

Spiders British Crab- 
(Thomas- Spiders : they are / K 

small forms, with | 

legs- usually all projecting | 1 

laterally, instead of with two 1 | 

pairs pointing forwards and 

two backwards, as in most la 2 ndosus, 

spiders. Many have a rapid sideways mode of progression 
that is distinctly crab-like. These S23iders lie in wait for 
their prey inside flowers or in bushes. 

4 Misumena vatia, the “ Flower Crab,” is a 

I ^ brightly coloured little spider of rather 

A variable hue. The female is about -J- of 

an inch long, and has a milk-white, yellow, 
or green abdomen, often adorned with a 
bright crimson mark on each side; the 
' ' male is smaller and darker. 


Fig. 147 . — Drassus laindoms. 


■MM 


Fig. 148. — Tlie Flower 

Crab [Misumena Order II. : PhALANGIDEA 

(The IiAiivEST]\iEN) 

The Harvesters, or Harvestmen, are often mistakenly 
called spiders, from which they differ widely in the form of 
the body. In them 

there is no con- a » 

striction between \ 

fore and hind M \ 

body, and also j ^ \ 

the abdomen is / 1\ \ 

clearly segmented / / \ 

and bears no spin- ^ \ 

nerets. They 

T ,1 , , Fig, 149. — The Common Harvestiiiau 

breathe by tra- [Phcdamgiwn opiUd) , 

cheae only, two 

spiracles opening near the base of the fourth pair of legs. 


Fig, 149. — The Common Harvestiiiau 
[Phalangiuiii opilio ) . 
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The Common British Harvestman has an almost spherical 
body and very long legs. It frequently loses a leg, but 
seems little disturbed by the loss. Harvestmen feed on 
Aphides and small insect grubs. The females lay their naked 
eggs in holes in the ground, or under stones. 


Order HI. : Acari (Mites) 

Acari or “ Mites ” are usually minute Arachnids in which 
the unsegmented abdomen and the thorax are united by a 
broad junction. 

The larva at first has usually three pairs of legs (except 

in the Gail -mites), but 
acquires four pairs before 
becoming adult. 

Some of the Acari 
have a much elongated, 
striated abdomen ; these , 
are the Gfall-mites which 
produce little finger-like 
or pimple -like processes 
on the leaves of some 
trees, e,g. the -‘‘Nail 
Galls on the lime (Fig. 
150); also the Eed 
Pimple’^ galls on sycamore 
and maple, sallow willow 
and alder. Again, the 
swollen arrested buds and 
distorted catkins some- 
times found on hazel are 
due to Eriophyes avellanae 
(Fig. 151), and the dis- 
torted buds on yew to 

a longitudinal section through one Nail Gall E, tcixi. 

(enlarged) ; C, one Nail Gall Mite (much en- Gall-miteS are Un- 

larged). ^Eriophyes (PWopte) ffliae.) 

only two pairs of legs, which are placed very close to the head ; 
the mouth-parts are capable of biting. The galls have only 
one single chamber, which is open below, the opening being 
guarded by hairs. In this cavity many mites live togetlier. 



Fig. 150. — Lime leaf with Gall. 
A, Lime leaf with “Nail Galls," {/(nat. size) 
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feeding, on the hairs produced from the inner lining of tlie 
gall-cavity. 

Demodex is a long-bodied form, rather like a gall-mite, but 
with four pairs of legs, which causes 
the disease known as “ demodic 
mange ” in dogs. 

Other mites, eyeless and with '<^1 

short bodies and no tracheae, live on 
various animal and vegetable matter, u|, 

e.g. the minute soft-bodied Cheese- 
mites (Tyroglyphus) which feed on 
cheese^ and the Iteh-mites {Sarcogotes) 
which attack various mammals 
including man — Sar copies canis is ;|/ 

the commonest cause of ordinary :f 

mange in dogs. 

Harvest-mites in their larval 
stage are the Harvest-bugs {TromUcida) | 

that attack man, burrowing below his i 

skin and causing a troublesome irrifca- ^ V A 
tion (best allayed by the application '' 

of ammonia). They are barely visible 151. ~A hazel twig with 

lotto naked eye. The adnlt form i. SS;^'TaSS:,£! "" 

not yet identified with certainty. 

Ticks feed on the blood of various mammals and birds ; 
there are pigeon-ticks and fowl-ticks (genus Argas), cattle- and 
horse- ticks [Ixodes)^ and othersd 

Acccrapis tvoodi is the mite which lives in the thoracic 
tracheae of hive bees, causing the Isle of Wight disease.^’ 

The Water-mites (Hydmchia) are larger and fairly common 
in ponds. The little Scarlet Water-mite is rather less than 
-^-inch long ; it is a very active swimmer ; its larvae suck the 
blood of water insects and spiders, but the adult feeds on 
minute Crustaceans. 

Classification of the Arachnida mentioned in Chapter XIF. 

Order I. Akaneae (The True Spiders). 

(1) Epeiridae. The Orb-weavers. 

Epdra diademata^ the Common Cross Spider. 

^ For further details of all these parasitic mites, see British Museum, 
Economic PamxMcts^ Nos. 6 aud 13. 

Q 
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(2) Theridiidae. The Line-weavers. 

Tlieridion ixillens. 

(3) Agelenidae. The Cobweb-weavers. 

Tegenai’ia domestical the Common House Spider. 

Agelena lahyrinthica^ the Labyrinth Weaver. 

Argyroneta aciiiatica^ the Common Water Spider. 

(4) Lycosidae. The Kunning Spiders or Wolf Spiders. 

Lycosa picta. The Common Wolf Spider. 

Lycosa pirata. The Eaft Spider. 

Lycosa saccata. 

(5) Salticidae ( = Attidae). The Jumping Spiders. 

Salticus scenicus, the Zebra Spider. 

(6) Aviculariidae. The Trap-door Spiders. 

(7) Drassidae. The Drassid Spiders. 

Drassus lapidosas^ the Stone Drassid. 

(8) Erigoninae. The Money-spinners. 

(9) Thomasidae. The Crab Spiders. 

Misumena vatia^ the Flower Crab. 

(10) Dictynidae. The Cribellate Spiders. 

Amaiirohius. 

Order II. Phalangidea (The Harvestmen). 

Phalangium opilio^ the Common Harvestman. 

Order III. Acari (The Mites). 

Eriopliyes tiliaej the Nail Gall on lime. 

E, mac7'orhynchuSj the Pimjde Gall on sycamore. 

E. taxi, the Bud Gall on yew. 

E. avella^iae, the Bud Gall on hazel. 

Demodex caiiis, Demodic Mange Mite. 

Barcoptes caiiis, Sarcoptic Dog Mange Mite. 

Barcoptes scabiei^ the Itch-mite. 

Tyroglyphiis siro, the Cheese-mite. 

Tromhicula sp., the Harvest-bugs. 

Ixodes sp., Cattle-tick. 

Argas sp., the Pigeon-tick and Fowl -tick. 

Acarapis looodi, the “Isle of Wight Disease’’ Mite. 
Hydrachna^ the Bed Water-mite. 

PracticaIj Work on Arachnid a 

1. In September, hunt for Common Cross Spiders in the garden. 
Watch the formation of the web and the snaring of flies in it. 
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Whenever a web is found, look for the spider belonging to it, 
following the control thread from the centre of the web up to the 
spider’s hiding-j^lace. Experiment by putting different objects 
into the web and watching what happens. Another time cut the 
‘‘ communication cord ” before jiutting the j^rey in the web and 
note the result. Remove a piece of the web by j^ressing a piece of 
glass against it ; it will then adhere and can be examined under 
the microscope. Note any difference between tlie viscid and non- 
viscid threads. In October and November, search for the cocoons 
of eggs, and keej) them until the eggs hatch. 

2. Bring one spider indoors, enclosing it for a short while in 
a small glass tube. (The cork should be pierced to admit air.) 
Examine witli a lens, make out all the main facts of external 
structure. Sketch the spider in different positions. 

3. Suspend the spider from the end of a twig and examine the 
threads which issue from the si)innerets. Let it fall some distance 
from the twig, on its thread; then touch it and observe the 
way in which it climbs the thread, rolling it ujd into a ball as it 
goes. 

Eix the twig upright in a dish of water ; the spider will run 
down, but finding it cannot escape, it will probably mount the 
twig again and give out a silken thread, which (if the stick is in a 
draughty place) will grow longer and longer, and will finally catch 
on to something. The spider then cpiickly pulls the thread tight, 
fixes her end, and esca 2 :)es over the “suspension bridge” thus 
formed. If the stick is set up in a very sheltered spot (covering 
it with a bell-jar would suffice) it will be found that the spider is 
incapable of emitting this thread. 

4. Ill spring, look for clusters of newly -hatched spiders ; 
note how they differ in colouring from the adults ; obseiwe 
their habits. 

5. Collect some Labyrinth sinders from the country-side in the 
laying season {i.e. mid -August) and confine them each in a large 
gauze-covered cage with a damp earthen floor and some twigs of 
til yin e or other 25iant on it. SujDjily the spiders with plenty 
of insect food. Watch the construction of the labyrinth and 
brood cocoon. DrojDS of water should be sprinkled in the cage 
occasionally. 

6. If a Hunting sjoidei' (Lycosa) is found, dragging along an egg- 
bag, remove this carefully with forceps and offer her instead a 
ball of pith or cork.; also offer her her own eggs again at varying 
intervals of time and see how long her interest in them is 
maintained. Compare results with those given by C, Warburton. 
Read Eabre’s account of the “ Narboniie Lycosa.^’ 
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7. AYith a dipping-net secure a few water spiders from a pond 
or rivei'j and bring tlieni home ; they will tlirive in a tank, if fed 
with an occasional dead fly. The tank must be covered so tliat 
they cannot escape. The spiders will readily construct their . 
thimble-shaped “ nest,” and the whole process of weaving it and 
filling it with air may be watched. 

8. Search for si^iders of other kinds and for Harvestmen in 
garden and field, and watch their ways in their natural habitat. 
Identify them by reference to British Sjnclers^ by E. F. Staveley 
(1866), or The Sinders of Great Britain and Ireland, by J. Blackwall 
(1864). Bead 8}}iders, by C. Warburton (Camb. Univ. Press, 2s.) ; 
also Life of the binder, by J. H. Fabre. 

9. During the summer, look out for lime leaves with nail galls 
on them. Examine them at different times during the summer, and 
tiy to trace tlie life-liistory of the gall-mite inhabiting them. A 
microscope and some section-cutting will be necessary. 

Examine also the various ]Diniple-galls due to Mites, to be found 
on the leaves of various trees. 

Class III.: MYRIAPODAv/ 

Tlie members of this little group of Arthropods breathe 
by tracheae like insects (see p. 234), but they differ from 
them in the form and internal structure 
of their bodies, and also in the many 
^jDairs of appendages which specially char- 
acterise them. They live in dark and 
moist spots, running or wriggling over 
the ground, or hiding in rotten wood or 
Fig. 152. — Two seo-- ^ stone. The body of a Myriapod 

mQTiisot Polydesmns, is of much the same width throughout, 

a Millipede. Ventral ^.jid there is no marked distinction be- 

tachmentof thelegs. thoracic and abdominal segments, 

each of which is covered by an exo- 
skeleton of chitin, with, in some cases, lime deposited in it. 
Each segment has, as a rule, one or two pairs , of jointed 
appendages attached to it. 

The class Myriapoda is conveniently divided into two 
orders, which contain respectively the Millipedes and the 
Centipedes. 

i^IlLLIPEDES (ChILOGNATHA) 

Millipedes have cylindrical bodies and short antennae 
(Fig. 153, J) ; they are slow -moving, inoffensive little 
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creatures, with hard, scaly skins of chitin and lime forming a 
ring round each segment of the body. 

Most of the segments, excej^t the first three and the last, 
have two pairs of legs * the first three have generally only 
one pair of legs aihece, and the fourth may be legless, as is 
usually the seventh also, in males. Millipedes feed on plants. 
When handled they may give out a bad-smelling fluid from 
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The most common British Millipede is the 
‘False Wireworm” or Snake Millipede {Juhis ter- 
restris) (Fig. 153, J), a shiny, smooth form, stiff and slippery 
to the touch, and curling up rapidly when disturbed into a 
flat spiral, as shown in the figure. There are about thirty 
segments to the body, and the head bears on either side 
a little cluster of eyes. 

Lulus'^ can readily be kept in captivity, and will breed in 
the early summer months. The eggs are laid in a little cell 
hidden in the earth ; this cell is about the size of a small nut, 
and formed of earth particles made to adhere together with 
saliva. Into it, 60 to 100 small eggs are passed by the mother 
JuluSj through an aperture at the upper end, which is after- 
wards closed with earth. The eggs hatch in about twelve days ; 
the larvae have at first only a few segments and 3 pairs of 
legs, the others appearing during successive moults. 

These Snake Millipedes sometimes do serious damage in 
seedling beds, feeding on the soft young tissues. It is well- to 
divert their attention from these by putting down a few 
potatoes to attract them, and then when a 
number have collected in them, they can be 
removed and destroyed if necessary. In 
ordinary beds of plants, however, they feed 
mainly on decaying vegetation. 

Another Millipede not so com- 


Polydesmus. 


mon as Julus, but sometimes 


found many together, is Polydesmus^ in which 
the cylindrical body has only nineteen or 
twenty segments and no eyes (Figs. 154 and 
152), 

Centipedes (Chilopoda) 

Centipedes differ from Millipedes in having 
flattened bodies with only one pair of legs to 
' each body segment ; also they have longer 

Fig. 154. — Poly- antennae with at least fourteen joints. They 
mon active, fierce little creatures, feeding on 

animal food. They stalk their prey and then 
kill it with the strong, poisonous first pair of legs, which lie 
just below the mouth. 

^ Camh. Nat Insects^ Part I. 
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Lithobius Lithohms forficatus,. or “Thirty-legs,” may be 
found in most gardens, hiding in corners under 
stones or leaves. It has a flattened, dark-coloured body with 
fifteen segments, and fairly long, strong legs, on which it runs 
swiftly over the ground (Fig. 153, L). The movement of 
these legs is very difflcult to follow, and it was the considera- 
tion of this problem which inspired the following lines, quoted 
by Professor Kay Lankester in Nature (1889) : — 

A Centipede was happy — quite ! 

Until a toad in fun 

Said, “Pray which leg. moves after whicli 
This raised her doubts to such a pitch, 

She fell exhausted in the ditch. 

Not knowing how to run I 

Geophilus ^ Centipede common in the south of England 
is GeojyJiilus, a long-bodied, light-coloured, wriggling 
form (Fig. 153, G), This creature has often over 100 
segments to its body. It has no eyes. The young, which 
hatch from eggs laid in the ground, have from the beginning 
their full number of legs. Some Geophilidae are “phosphor- 
escent,” or, rather, they shine at night with a luminous glow. 

Classification of Myriapocla mentioned in Chapter XIJY 

Order I. Chilognatha (Millipedes). 

(Forms with two pairs of legs on most of the body 
segments ; they feed on plants.) 

Julus. Polydesmus. 

Order II. Chilopoda (Centipedes). 

(One pair of legs on each body segment ; carnivorous.) 

Lithohius. Geophilus. 

Practical Work on Mtriapoda 

Collect various specimens and isolate the different species in 
“ terraria ’’ such as that described in Appendix E, giving them 
earth in which to burrow and their appropriate food — the chief 
thing to guard against is drought. Make careful observations and 
records of their habits. Mr. Sinclair, writing in the Cambridge. 
Natural History, observes that “ the habits of the Myriapods con- 
nected with their breeding are most interesting, but have been very 
insufficiently investigated. There is no doubt that a full enquiry 
into all such habits would be of great interest, and would help to 
answer some of the problems which are still unsolved in these forms.” 
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Class IV.: IXSECTA 

General share with birds the domain of the air, 

Character- and their adult structure is specially adapted to 
istics. aeiial life. At the same time, they all 

undergo metamorphosis in 
their development, and the 
larvae are very varied in 
their lives, some being 
adapted to aquatic life, as 
the caddis larva; others to 
life underground, as the 
cockchafer grub ; others, 
such as caterpillars, to a 
life above ground, but 

sheltered by vegetation ; 
and finally there are those 
that live a passive larval 
life, cared for by the adult 
insects, as in the case of 

Fig. 155. — Diagrammatic dissection of an laivae of ailts and 

Insect’s Body. (After Sclimeil.) bees. A considerable varia- 
To show (1) The head with mouth-parts, eyes, tiou is tO be Seen, therefore, 
and antennae ; (2) The thorax of three seg- in the structure of the 

ments hearing wings and legs ; (3) The ah- i i • i i i 

domen. Down the centre of the body is htrvae, and special lai’Val 

shown the nervous system, and on either Organs are frequently de- 

side the tracheae (marked with transverse yeloped Avhich are not to 
lines) and the spiracles, s. i ^ i i i 

be seen in the adult; all 
the hxrvae are alike, however, in having a segmented body, 
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and ill having no power of flight. A very large majority of 
insects, when adult, possess wings and can fly. Fig. 155 
shows diagrammatically the general structure of the body of 
ail adult insect. 

In all the higher insects, the division of the body 
^the^Body^^ into three regions — head, thorax, and abdomen — is 
very distinct. 

The head is relatively small, but is very firm and compact. 
It bears (1) a single pair of jointed antennae which are the 
special tactile sense-organs ; (2) three pairs of modified 

appendages round the mouth, the so-called ‘-mouth-parts’’; 
(3) a pair of large compound eyes (see p. 231). Assuming 
that each pair of appendages corresponds to one segment of 
the primitive form, the head is formed of at least four fused 
segments, and many zoologists think that more than these 
have gone to its construction ; however, no other signs of 
segmentation in it are visible externally. It is separated 
from the thorax by a narrow neck, which is largely mem- 
branous, and can be extended, or folded so that the back of 
the head is overlapped by the first thoracic segment. The 
head has, therefore, great freedom of motion. 

The thorax consists typically of three segments, the divisions 
between which can often be easily seen. It bears ventrally 
three pairs of jointed appendages, the legs, and dorsally, 
attached bo its two hinder segments, are usually two pairs 
of membranous wings, though one pair may be absent, as in 
flies, or the first pair may be modified into hard sheaths, as 
in beetles. To this thoracic region, therefore, are attached 
all the organs of locomotion, and it must necessarily be 
broad and strong, to allow for the presence and attachment 
of the strong muscles which move the Avings and limbs. 

The abdomen is more distinctly segmented than the thorax, 
and is not so compact and hard. It bears no appendages 
except at the tip, where occasionally a pair of jointed feeler- 
like processes is present (see p. 299). In the case of some 
female insects, there may be at the end of the abdomen a 
sharply pointed tube, the “ovipositor,” Avhich is used in 
depositing the eggs in the place Avhere they are to be hatched, 
often AAU thin the tissues of a plant. Sometimes, again, there 
may be paired stinging or piercing organs present just Avithin 
the end of the body.' The number of segments in the 
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abdomen varies, and in any special case is often difficult to 
determine exactl}^, for the last one or two segments are often 
much modified and sometimes withdrawn within the other 
segments. The most usual number is ten. 

One or two segments of the abdomen may be very 
narrow, and form a kind of waist, as is seen very markedly 
in ants, where these modified segments, connecting the 
thorax with the much swollen hind part of the abdomen, 
are known as the “ nodes.” 

The legs of insects usually have a constant 
number of joints with five distinct parts. Next 
comes a short segment, the “com,” 
then another short piece, the 
trochant&i\^^ next the long 
femur and the the 

two longest segments of the 
leg, and finally the part known 
•as the foot or “ tarsus f which 
is itself formed of from one to 
five segments, five being the most 
frequent number. The last seg- 
ment bears a pair of curved claws, 
and may also bear, between the 
claws, a lobe modified for a special purpose (see p. 369 ). 
Mouth- The mouth is always overhung by an ‘‘upper 
parts of lip ” or lah'um^ which is an overhanging flap of 
Insects. chitinous covering of the head. Below the 

labrum is a pair of unjointed, hard, biting jaws, known as the 
“ hard jaws ” or mandibles. These vary greatly in size in the 
different orders of insects, reaching a maximum development 
in the male stag beetle, where they are as long as the whole 
of the rest of the body. Below the mandibles is a pair of 
complex “soft jaws,” ov first maxillae^ jointed structures with 
several branches, the most conspicuous of which lies on the 
outer side, and is known as the maxillary paljy (Fig. 157 ). 
This sometimes bears a special sense-organ at its apex, as 
in the case of the Large White Butterfly. The other lobes 
of the maxillae serve the purpose of holding the food whilst 
it is being eaten. One other pair of appendages, the second 
maxillae^ seems to be represented in the head, but fused 
together to form the median structure known as the labium 


Fig. 156. — The front leg of a Bee. 
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or ‘'lower lip,” which bounds the mouth on the lower side. 
The labium also bears a pair of processes known as the 



Fig. 157. — The Mandibles, Maxillae, and Labium of a Cockroach. 
mncl, Slandibles (a& lias been removed from a'h')\ mx, maxilla ; mx.ls, maxillary 
lobes ; iiix.palp, maxillary palp ; m, mentum bearing tlie labial palp, Lp, and 
the labium, Lb. The central lobe of the labium, the lingua, can be faintly seen. 

labial palps, and attached to it is a central lobe knoAvn as the 
lingua or tongue. 

In different insects, with different feeding habits, these 
various mouth-parts be- 
come modified to suit 
the food in each case, but 
always the same parts can 
be recognised, namely, the 
single upper lip (labrum), 
the pair of hard jaws 
(mandibles), the pair of 
soft jaws (first maxillae), 
and the lower lip, or 
labium, Avith its palps. 

Of all the 

tures found in 
insects, the most peculiar 
and Avonderful are per- 
haps the large compound 
eyes, Avhich are present in 
all adult insects, although 
simple eyes may also 
occur. Compound eyes 
also occur in a fcAv im- 



Fig. 158. — Section through the eye of a 
Bee. 

0.71., Optic nerve ; I, lens ; c, cones ; r, rods ; 
hi hair. 
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mature insects, e,g. in the larvae and nymphs of Dragon-flies 
and hlay-flies and in the larvae and pupae of the Phantom- 
fly. These compound eyes project, one on each side of 
the head, as sessile, convex, immovable structures, the surface 
of which, when examined with a lens, is found to be marked 
off in a very large number of little hexagonal or square areas 
or facets. A microscopical examination of a section of the 
eye (Fig. 158) reveals the fact that underneath each facet 
there lies a series of structures, forming a long, narrow, 
pyramidal body, which is in itself a complete orpn of vision, 
though, owing to its minute size and structure, it has a very 
limited range, and needs, therefore, to be supplemented by 
the other similar visual elements surrounding it. 

The exposed facet (Fig. 159, f) is the outer end of a 

glassy columnar body, 
the lens^ beneath which 
is a transparent cone 
(Fig. 159, c), and 

beneath this, again, a 
7*(9tZ-like structure, 
which is surrounded 
by a delicate sheath 
in connection with a 
branch of the optic 
nerve. This sheath 
acts as a retina, and receives the impressions of the rays of 
light which enter the facets and pass down the cones and 
rods. Each such set of parts in the eye is separated from 
the adjacent parts by a sheath of dark-coloured pigment, 
which is specially concentrated just at the bases of the cones 
(Fig. 159, ])\ and again at the bases of the rods. 

Many thousands of such elements as those described go to 
make one compound eye, the number of them varying in 
different insects. The mode of vision of such an eye is not 
very certainly understood. It seems clear, however, that 
only those rays of light which enter each facet at right angles 
to its surface reach the base of the eye, for all obliquely 
entering rays are absorbed by the pigment sheath. Probably, 
therefore, only a few raj^s from any one point of an object 
enter any one lens in such a way that a reduced image of it 
is formed on the sensitive retina; the rays from an adjacent 


Fig. 159. — Three visual elements of the eye 
of a Bee enlarged. 

/, Exposed facet of the element; li, base of hair; 
ci, corneal lens ; c, cone ; r, rod ; p, pigment 
shown by black dots ; nerve cell. 
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point of the object enter an adjacent lens, and form the 
coL'responding image on an adjacent part of the retina. In 
this way the complete image, formed at the back of the eye 
on the retina, will be a mosaic of a number of partial images 
each formed by a different lens. Experiments made by Dr. 
Wager seem to show that whilst the outer lenses form partial, 
reversed images of an object, the crystalline cones rectify 
this confusion by again reversing the images so that one com- 
plete j^icture results. In whatever way the image may be 
produced, such a projecting compound eye is evidently a 
very effective organ for warning its possessor of the approach 
of any object, for an insect is very difficult to surprise. 

Sim])le eyes^ or ocelli, are also very frequently found in adult 
insects, and in the larval stage they are generally the only 
eyes present. They are quite simple in structure, consisting 
sometimes merely of a mass of pigment lying over a nerve 
end, though most frequently over the pigment patch is a 
small transparent lens serving to focus the light on to it. 
Muller suggests that these ocelli are chiefly of use in dark 
places and for near vision ; they are specially developed in 
ants, bees, and wasps, and in night-flying moths.^ 

The sense of taste is lodged in little sensory pits 

UuHsr o6iis6Si . 

on the mouth-parts. 

No organ of hearing is known, though, since insects make 
sounds, it is reasonable to think that probably they can hear. 
These sounds are usually made by the rapid vibration either 
of the wing or of little chitinous membranes stretched behind 
the spiracles which quiver as the air passes in and out. 

The sense of smell seems well developed, and is said to be 
concentrated in the antennae, v,^hich bear small pits lined 
with sensory hairs. 

J. H. Fabre’s wonderful experiments with moths and 
beetles and other insects seem to show that this sense is of two 
kinds. To a large extent they smell as we do as the result 
of the stimulation of the olfactory nerves by actual contact 
with emanations from the object smelt, actual particles 
which volatilise and diffuse through the air. But beyond 
this they seem to perceive odours to which we are entirely 
insensitive, and which Fabre’s ingenious experiments lead 
him to think must be due to vibrations in the ether which are 
^ Physiology of the Senses (Miiller). 
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not of tlie right intensity to affect the visual nerves, but which 
stimulate in a remarkable way some special olfactory sense, in 
some insects at any rate, so that, to give two examples only, 
the male Oak Egger or Banded Monk moths hastened in 
numbers from miles around to the waiting female hidden 
in his study; and unerringly the little Bolboceros beetle 
detected the presence of its chosen food, the Hydnocystis 
fungus growing hidden 8 or 9 inches below the surface of 
the soil, and sank a little vertical shaft down to it.^ 

All adult insects breathe in atmospheric air 
through small openings or spiracles^ several of 
which are usually to be found on each side of 
the body. These spiracles lead into a complex system of air- 
fubes or tracheae (Fig. 155) which carry the air to all parts of 
the body, forming a regular network of minute tubes round 
the internal organs, aerating them directly. Ho blood-vessels 
therefore are needed to act as air-carriers and the blood- 
vascular system is much reduced; it consists merely of a long 
tubular contractile dorsal vessel or heart 
which drives the blood into a number of 
blood spaces or “sinuses,^’ whence it is 
returned to the pericardial sinus. The 
blood probably functions mainly or solely 
as a food-carrier. 

The tracheae are the oxygen-carriers, 
but it is not certain that they also act as 
the agents for removing carbon dioxide. 
It is suggested that since the characteristic 
chitinous skin of insects consists largely of 
carbon and nitrogen, the secretion and 
casting off of this may be the normal means 
of getting rid of waste carbon and nitrogen. 
The wall of each trachea is strengthened, 
Fig. 160.— a small on its inner side, by a chitinous spiral 
oTa^Bee^^^^ thread, Avhich serves to keep the cavity 

of the tube open, so that the air can pass 
freely along (Fig. 160). The renewal of the air in these air- 
tubes seems frequently to be brought about by rhythmic 
movements of the abdomen, sometimes accompanied by the 
alternate closing and opening of the spiracles. 

^ The Life of the QaterjDillar^ by J. H. Fabre, chaps, xi., xii., and xiii. 
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In aquatic insect larvae the spiracles are often closed, and 
the tracheae may be continued externally as thin- walled, 
tubular processes known as tracheal gills which absorb the air 
dissolved in the surrounding water. 

The wings, of which there are usually two pairs 
in the adult, consist of two thin, membranous 
■plates, which adhei-e together and are united all 
round the free margin. Each Aving has, running through it, 
harder,' horny lines knoAvn as the “veins,” “nerves,” or 
“ nervures ” of the Aving. The arrangement of these varies 
in the different orders of insects, but is fairly constant AAuthin 
each order, and therefore this character is made use of in 
classifying them. The horny nervures are holloAv tubes, 
inside Avhich blood-cells and tracheae have been demonstrated. 
The nervures ahvays enter the base of the AAung as tAAm or 
three large stems, Avhich branch and branch again, until they 
may form as intricate a pattern as that seen in the Dragon-fly. 
The variations in structure and development of the Avings 
Avill be studied in further detail later. 

The metamorphosis during the development of 
mo^hosis insects is very striking. From the egg there 

hatches a little larva, Avhich is, in many cases, very 
unlike the adult. This is specially so Avhere the food and 
habitat differ in the different stages of development. In 
such cases the larval form, Avhich is always AAungless and 
may also be legless, as in the grubs of bees, or maggots of flies, 
is retained until groAvth is complete, the growth being accom- 
panied by a series of skin moults. Then the full-groAvn 
larA^a may enter upon a resting, quiescent stage knoAvn as the 
'pupal stage^ or as the chrysalis in the case of a butterfly. In this 
stage the creature is usually motionless and ceases to feed, 
Avhilst certain important internal changes take place, leading 
to the perfecting of the special adult organs. When this is 
complete, the skin is cast for the last time, and the Avinged, 
adult creature, or imago, emerges. Such a series of changes, 
including a quiescent pupal . stage, is knoAAm as a “ comjflete 
metamorphosis.” In some insects there is no pupal stage, 
the change from larva to imago taking place gradually through- 
out the larval life, Avith a sudden, greater change becoming 
apparent at the last moult, as for example in dragon-flies. 
Such a development is known as “incomplete metamorphosis,” 
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and the developing larva, as soon as signs of wings are visible 
externally, is known as the nymph. 

The changes that take place internally during the pu^^al 
stage vary. The phenomenon is strangest in such forms as 
the Blow-fl3^ Here the full-grown maggot detaches its outer 
skin, which hardens into a kind of capsule or cocoon, and inside 
this the whole body disintegrates into a creamy mass within 
a delicate membrane, and from this shapeless mass in a few 
days there gradually evolves the intricate body of the perfect 
blow-fiy. 

Classifica- Insecta are grouped into orders according 

tion of to the number and texture of the wings, the 

Insects, modification of the mouth-parts, the nature of the 
metamorphosis, and the form and habits of the larva and pupa. 

The great variation in structure and type of meta- 
morphosis amongst members of this class make the 
recognition of their relationship rather difficult, and we 
are still awaiting a completely satisfactory classification of 
them. In the meanwhile the following, based on that 
given by G. H. Carpenter in his Insect Transformation^ 
may be followed.^ 

Sub-class I.: APTEEYGOTA2 

Forms which are always wingless and which undergo 
little, if any, metamorphosis. They have three pairs of legs 
and, usually, well-developed antennae. These forms have 
more in common with Crustacea than other insects have, 
and are supposed to be primitive. In general structure they 
are very similar to the larvae of the higher insects, but the 
various genera have characteristic features by which they can 
be identified. 

The Bristle-tails ^ (the Thysanura) have ten abdominal seg- 
ments, and the last of these bears long, backwardly projecting, 
antennae -like processes or cerci. The tiny, fragile, white 
Campodea is by some considered to be the most ^^riniitive of all 

^ Althougli this classification is adopted here, the order of the presentation 
of the orders has been left as in the 1st edition, since this seems to give a 
more desirable sequence for practical study. 

“ Aptera of the Cambridge Natural History , wliich see (vol. Insects, Pt. I. ) 
for full details of the gi’oup. 

^ These foians are not described in this book ; for details of their structure 
see Cambridge Natural History, vol. Insects, Pt. I. pp. 180-197. 


XV 


INSECTA 


237 


insects. Lepisma saccharina, the Silver-fish, maybe nearly inch 
long, and is found in the meal or sugar which it nibbles. 

The Spring- tails (the Collemhola) have not more than six 
abdominal segments, the first of which bears a peculiar tube 
or papilla of undetermined function. Most of them possess 
two appendages attached to the 4th or 5th abdominal segment, 
which, in life and when at rest, are flexed under the body, 
but which by a sudden jerking movement cause the '^spring” 
to which the popular name of these creatures owes its origin. 
Poclura aquatica is a Spring-tail which lives on the surface of 
stagnant waters ; Anurida rnaritwia (Lipura of Lubbock) lives 
between tide marks on the shores of the English Channel. 

Sub-class II.: EXOPTEKYGOTA 

Those which have wings when adult; but these wings appear 
as rudiments in an early larval stage and develop gradually, 
though there is a rapid growth and a marked change in form at 
the last moult. The metamorphosis from larva to adult is 
therefore in these cases termed ‘‘incomjDlete,’' for there is no 
pupal stage. This sub-class includes the following orders : — 

Dermal) ter a Earwigs. 

Orthoptera Cockroaches, Stick and Leaf Insects, Grasshoppers, 

and Crickets. 

Plccoptera Stone-flies. 

Hemiptera {a) Heteroptera (Bugs). 

{h) Homoptera (Cicads, Froghoppers, Aphids). 

Eplicmoptera May-flies. 

Odonata Dragon-flies. 

Sub-class III. : EEDOPTERYGOTA 

Those with complete metamorphosis, in which wings first 
appear externally at the formation of the quiescent pupa, as in 
the following orders : — 


Goleoptera 

Neuroptera 


Trichoptera 

Lepuloptera 

Diptera 

Hymenoptera 


Beetles. 

(a) larvae with biting jaws. Alder-flies. 
ip) larvae with sucking mouth-parts. Lace-wing 
flies, Ant-lions. 

Caddis-flies 
Butterflies and Moths. 

House-flies, Gnats, Crane-flies. 

Ants, Bees, Wasps, Gall - flies, • Saw - flies, 
Ichneumon-flies, etc. 
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Order: Lepidoptera (Butterflies and Moths) 

General Leioklo])tGra^ or Scale-winged Insects (G-k. 

Character- legndos^ a scale), are characterised, as their name 
istics. The infers, by the presence of scales which cover the 
Wings, surface of the two pairs of large membranous 
wings. These scales are very minute, and vary much in form 
and colour ; to them is due the tj^-pical marking and beautiful 
colouring of different butterflies and moths (see Eig. 169). 

The The mouth also of the Lepidopteran insect is 

Proboscis, characteristic. There is usually a long tubular 
proboscis, which, when not in use, is kept coiled up in a 

vertical spiral below the head (Fig. 
161). This proboscis appears to 
be formed, not of the upper and 
lower lips (labrum and labium) as 
ID Diptera (p. 368), but of the two 
soft jaws or maxillae, Avhich are 
Pig. 161.— Head of the Large grooved and held together 

White Butterfly [Pieris to form a tube. An exception to 
hrassicae) seen from the side. jg in the Wood Leopard 

2 ., Labial palp ;m proboscis, (ZeuzevaY in which the 

maxillary lobes are always separ- 
ate ; they are absent altogether in the G-oat Moth (Cossiis). 
The other mouth-parts are small and inconspicuous, except 
for the sensory palps of the labium, which are large, and 
usually held curving upwards in front of the head (Fig. 161, ^;). 
The tubular proboscis is used in sucking up the nectar of 
flowers on which the insect feeds. In some cases its length 
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Tlie Head. 


is remarkable when compared to the size of the insect. In 

certain Hawk-moths it is as much as 10 inches long. At the 

tip are minute spines, the function 

of which is uncertain; it is suggested 

that they may be sense-organs, or 

they maj^ be instruments for 23 iercing 

the nectaries of flowers. f i 

The Head. The head beaxs be- 'W j 
sides the i^roboscis, two up 
large compound eyes, often a pair // /// ^ 

of simple eyes as well, and two U 

long, many-jointed antennae — club- p/// /p 

shaped and smooth in butterflies uj / / 

(see Fig. 163, hj and c), tajDering 
to a point and often feathered in 5 

moths (see Fig. 163, fZ, e, /, and g). \^\\ '(pp/0) O 

The metamorjihosis 
^ment^' complete and very 

striking. The larva Fig. 162,— Head of a Moth, 
is known here as the Caterpillar^ seen from in front, 

and it displays externally, even Sucking tube or proboscis ; a, 


Develop- 

ment. 


when full grown, no signs of the 


Fig. 162, — Head of a Moth, 
seen from in front. 

S, Sucking tube or proboscis ; a, 
antenna; Ljj, labial palp; mx.ji, 
maxillary palp. 


organs which appear in the imago, 

some of these first becoming apparent at the last change of skin 
immediately preceding the jiupal stage. The Pupa is covered 
by a firm outer skin or shell, formed from a chitinous 
secretion which hardens its surface. 

The Le^fidoptera are conveniently divided into two large 
sub-orders — the Butterflies and the Moths. 


Butterflies (Ehopalocera).^ 

In Butterflies the antennae are long and usually club- 
shaped, or are thickened just before the tijD. In some of the 
latter cases, the actual tip turns over to form a little hook 
(Fig. 163, c). The antennae are not haiiy, except occasionally 
at the base. The form of the antennae is one of the 
distinguishing marks between Butterflies and Moths, but the 
general apjiearance and habits of the two groups also differ; 
butterflies have slighter bodies and are more brightly coloured 

Gk. rliopalon a club ; Arcras, a born. 




240 


INTRODUCTION TO ZOOLOGY 


CHAP. 


as a rule. They fly by day, and Avhen at rest the wings are 
in most cases held vertically, though there are exceptions to 
this. The caterpillars of the two groups are alike in general 
structure, but those of butterflies pupate above ground. 
(Compare with Moths, p. 252.) 



Type : The Cabbage White Butterfly {Pieris hrassicae). 

This is an excellent example to study in order to get a 
knowledge of the structure and habits of a typical Butterfly, 
for it is all too plentiful ; also it is easy to feed, and it goes 

through its metamorphosis 
without any concealment. 
The different stages of its 
life-history are illustrated 
in Plate II. 

„ There are 

® two broods in 
the year. The eggs may 
be found in May, or again 
in July or August, when 
they are much more 
plentiful than earlier in 
the year. They are small, 
yellow, blunted, conical 
bodies, prettily ridged 
and ribbed. They are 
often to be found on the lower side of a cabbage leaf, or of 
a garden nasturtium leaf, in clusters of from six to a hundred. 
These eggs hatch in seven to ten days, and the little cater- 
pillars usually make their first meal off their discarded 
egg-shells. 

Fabre suggests that this queer meal is taken because of 
the immediate need of spinning silk as a foothold for the 
young caterpillar on the slippery cabbage leaf, the egg-shells 
providing the right nourishment to expedite the formation 
of silk in the silk glands. 

The hairy little caterpillars at first keep more 
or less together, eating tiny holes in the blade of 
the leaf. When the first moult is imminent, they collect side 
by side and remain motionless for two days. Then they 


-Anteiniae of Butterflies and 
Moths. 

a, Large White Butterfly; &, Purple Emperor 
Butterfly ; c, Large Skipper Butterfly ; d, 
Buff Tip Moth, female ; d', Buff Tip jMoth, 
male; e, Grass Eggar Moth; /, Emperor 
Moth ; g, Burnet Moth. 


Larva. 
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Fig. 164. — The Larva of Pieris brassicae. 


discard their head coverings, push their body skins off 
backwards, and speedily begin to feed again, continuing to 
do so with little rest until once more a moult takes place. 
After the third moult, they separate and feed alone, moulting 
once or twice more before they are full grown. The skins they 
have thrown off may be often found in clusters on the leaves 
they have frequented. When full groAvn the caterpillar is 
about 1^2 inches long and of an inch broad ; its colour is pale 
yellowish-green with three 
yellow longitudinal lines. 

The body is dotted all over 
Avith little raised tubercles 
that are black on the back, 
and brown on the sides 
and underneath the body. 

From each tubercle arises a short, rather stiff hair. The body 
consists of a head and thirteen segments, the last of Avhich, 
however, is hidden by the one before it, and so cannot be 
seen in a surface aucav (Fig. 164). The three thoracic 
segments behind the head bear, as in all caterpillars, three 
pairs of five-jointed legs, each ending in a little curved claAA^ 
On some of the abdominal segments are structures knoAvn 
as cushion feet or p'o-legs. These are fleshy protuberances 

from the bodjq Avhich are not 
jointed, though the very elastic 
skin covering them may be throAvn 
into transverse Avrinkles Avhen the 
foot is retracted. Each such foot 
has, at its tip, a half-circle of little 
^ 7^- • 7 • hooks by means of AA^hich the cater- 

pillar can cling A-ery firmly. On 
the last segment, the pro-legs are 
turned backwards, and are gener- 
ally distinguished as the “ claspers.” 
Piespiration takes place through spiracles, little 
openings on each side of the first thoracic and 
first eight abdominal segments. They appear as light-broAvn 
oval dots Avith a narrOAV dark rim round them; the actual 
aperture is not visible to the naked eye (see Fig. 164, AA^here 
the spiracles appear as dark dots just above the legs in the 
segments mentioned above). 



A, Thoracic five-jointed leg; 
pro-leg or “cushion foot’' 
abdomen. 


Respiration. 
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Fig. 166. —Head 
the Caterpillar 
Pieris brassicacy 
seen from in front. 
a. Antenna ; 7a, man- rapid 

dible; p, maxillary form the food. 
palp; 
tube. 


CUttins; 

O 


The head, bears only rudimentary antennae 
oftheLa^a several pairs of small simple eyes, or ocelli. 

' Caterpillars aj^parently have very dim sight, and 
even this is limited to the recognition of objects quite close to 
them. However, it suffices, no doubt, for their limited larval 
life, during which they rarely leave their 
food-plant, escaping the attentions of their 
enemies, not by their own activity, but 
by their secluded habits and protective 
coloration, and, in some cases, by their 
objectionable taste or hairiness. 

Since the caterpillar stage is that in 
which feeding is most active, we find that 
the mouth-parts are specially adajited for 
of the leaves which 
The mandibles, which 
spinning- absent in the imago, are here large 
and powerful, whilst the maxillae and labial 
palps, so greatly developed in the butterfly, are rudimentary 
in the caterpillar. The labium, or lower lip, bears a little 
tubular, projecting structure known as the simmer et, for into 
it opens a duct connected with a pair of silk glands, from 
which the larva can spin a fine white silken thread over the 
leaf on which it is feeding, so gaining a firm foothold on it. 

When full grown the cateiqDillar ceases to feed 
or R^ation becomes restless, leaving its food-plant and 
seeking to climb. It climbs even slippery sur- 
faces, such as that of glass, with great easej giving out from 
its spinneret the silk thread, which, by means of a side-to-side 
movement of its head as it climbs, it fixes to the surface as a 
zigzag silk ladder. It holds on to this with its abdominal 
feet whilst, with its head outstretched, it is adding to it above, 
rung by rung. (Such a ‘‘ ladder is shown in Plate II. 
below each chrysalis.) Having reached by this means a 
suitable spot, the caterpillar prepares to pupate. It first 
spins a little carpet of silk against the surface to which it 
clings, fastening its claspers into a thickening of silk at one 
side of this. Then it extends itself along the surface, usually 
so that it is in a vertical position with head uppermost, and, 
turning its head right back over its thorax, it spins a little 
girdle of silk across its body at the level of the second or 


Plate II . — Picris hrassicae in difi'ereiit Stages of its Development, 
below a nasturtium leaf : /, larvae ; c, chrysalis ; i, imago, male ; i , female 
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third segments of the abdomen, fixing it to the surface on each 
side and repeating the action until the girdle is many strands 
thick. It then again stretches itself out, and its body 
shortens and swells, until, after about two days’ quiescence, 
the skin splits and is pushed off at the hind end, whilst the 
body from within quickly swells up and takes on the pupal or 
chrysalid form. 

The rudiments of wings, legs, antennae, and 
or Chrysalis, compound eyes now appear, and for a moment 
the AAungs are free ; quickly, however, a chitinous 
fluid exudes from the body and hardens 
all round the pupa, forming a delicate 
transparent “ shell,” which is yellowish- 
green, spangled with yellow and black dots, 
and beset with little sharp points and angles 
Avhich prevent it slipping from its silken 
support. There is one specially large dorsal 
projection on the thorax, and also one on 
each side a little further back (Fig. 167, 
cl and 1), The silk thread lies between 
the dorsal and the lateral spines. 

A butterfly pupa is generally called a 

chrysalis because of the golden spots which |67.--Chrysalis 
. ® 7 of Fieris orassicae. 

in so many cases decorate it (Gr. Compound eye ; a, an- 

gold). The chrysalis can now only move tenna ; s, spiracle ; d, 
its abdominal segments, jerking them tiorsai spine ; z, lateral 
laterally if touched. It remains otherwise 
entirely quiescent — for two or three weeks only, if it is the 
first brood of the year which pupated in June, or for the 
whole winter if it is the second brood which pupated in 
the autumn. The butterflies of this latter brood emerge in 
April or May, but so many of the chrysalids get destro 3 md by 
birds and other enemies during the winter, that the butterflies 
in the spring are not nearly so numerous as those that emerge 
in July and August. 

When the insect is about to emerge, the pupal 
^Tlmago^ skin splits along the back of the thorax, and the 
imago gradually pulls itself out. Its wings are at 
first damp and crumpled up, but in the air they gi’adually 
expand, dry, and stiffen, and then are strong enough to 
support the butterfl}^ 
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In the imago, the division into head, thorax, 
The Imago. alidomen is very distinct. The thorax of the 
butterfly is black and hairy, and bears three pairs of jointed 
logs and two pairs of wings. Tlie upper surfaces of the 
wings are yellowish-white with certain black s^Dots and 
smudo:es on them, which differ in male and female. 

The male has the apex of each front wing either 
black or brown, and there is a dark stain at the base 
of each wing, and a dark smudge — partly hidden by the 
front Aving — on the front margin of the hind Aving ; this 
is the only dark pigment on the upper side of the AAung. 
The female has, in addition, two dark spots on her front 
Aving Avith a dark smudge along the inner margin.^ The 

pigment is gener- 
ally darker in the 
summer butter- 
flies than in those 
Avhich emerge in 
Maj^ 

On the under 
side of their Avings 
the tAvo sexes are 
much more alike. 
In both there are 
tAvo dark spots 
on the front 
Avings, and their tips are yelloAV, Avhilst the hind Avings are 
entirely yelloAV, and are covered Avith minute scattered black 
specks, AAuth an inconspicuous black smudge at the centre 
of the front margin. 

The colouring of the wing is due to pigment in 
St:mcture some other butterflies, to the 

striation of) many thousands of little scales, AAdiich 
coA^er its surface and come off on the finger as a fine dust, if 
the AAung is gently rubbed. Under the microscope these 
scales are seen to vary considerabl}^ in form, size, and tint. 
They are modifications of hairs, and transitional stages may be 
seen (see Fig. 169). In their natural position on the AAung they 
overlap in regular series like the tiles on a roof, each being fixed 
by a short stalk into a socket in the membrane of the Aving. 

^ For terms used iu describing tlie different parts of the wing see Fig. 170. 
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Fig. 169. — Scales rubbed from the wing of 
Pieris hrassicae. 


If the scales are gently brushed off, the characteristically 
few “ veins ’’ or “ nervures of the wings will be seen, running 
from the base of the 
wing to its outer / jj | 
margin j thesebranch 
so frequently that 
the veins are far 
more numerous at 
the margin than at 
the base. The cross 
nervures in the wings 
of butterflies are few 
or are entirely ab- 
sent, and so there are 
very few areas closed 
on all sides by them. 

Such areas are called 
“ cells,” and in the 

Large White Butterfly there is only one “cell.” In some 

butterflies, e,(j. Vanessa^ there 
is no “ cell ” at all in the wing. 

The wing itself is formed of 
two delicate membranes held 
apart by an irregular tissue. At 
intervals along definite lines 
these two membranes are more 
widely separated to allow of 
the passage of the veins or 
nervures shown in Fig. 170. 
The structure of the nervures 
does not seem to have been 
very fully investigated, but 
Fig. 170. Anterior and posterior always contain a chitinous 

^ving of Pier IS hrassicac ■with j.- i ^ • 

scales rubbed otf to expose supporting rod, and, in some 
“nervures.” cases, a trachea and blood-cells 

have been seen in them.^ 

In the abdomen nine segments seem to be 
Abdomen ^’^P^'^sented in the female, and ten in the male, 
but in each case the last two are difficult to 
the imago, as they are more or less with- 
^ Ccmlriclgc Natural History, vol. vi. p. 330. 



distinguish in 


248 


INTRODUCTION TO ZOOLOGY 


CHAP. 


drawn into the body. They are more clearly seen in the 
clny sails. 

There are six Amry distinct jmirs of abdominal spiracles, 
and a seventh pair is said to exist. There is also a pair of 
spiracles on the first thoracic segment. No appendages at all 
are borne on this part of the body. 

Th H d shoAvn in Fig. 161, and it and the 

characteidstic proboscis are described on p. 238. 

The butterflies live an active aerial life, flitting 
^Habits ^ Avith a zigzag motion from fioAver to floAver, sucking 
nectar from them for food. They are the com- 
monest butterflies seen on a sunny day in flower and vegetable 
gardens. The butterfly, if a female, should be carefully 
AA^atched as she hovers over the floAvers, for she may be about 
to lay her egg-clusters on the cabbage or nasturtium leaves. 

The change from the craAAding voracious caterpillar to the 
quiescent pupa, and then again to the active AAunged butterfly, 
is very striking, but it is much more gradual than appears 
externally. By dissection it has been shoAvn that, in the 
caterpillar, even some time before pupation, the rudiments of 
the organs of the perfect insect have already been formed, 
but they are at that stage compressed Avithin the body. At 
pupation they are suddenly pushed out, and so cause the 
marked change in shape at this time. A resting period is 
then necessary for the completion of the internal structure 
and of the neAV mouth-parts AA^hich have noAV to be fitted for 
sucking nectar from floAAmrs. The biting mandibles of the 
caterpillar are no longer needed and disappear altogether. 
The change in diet is necessitated by the change in the mode 
of life ; the active, flj^ing butterfly needs a lighter and more 
nutritious diet than the sloAvly craAvling caterpillar. 

The caterpillars of this buttex’fly are often 
Amry common and Amry destructive, especially the 
numerous summer brood, AA^hich feeds almost 
entirely on cabbage. The smaller spring brood is found on 
A^arious food plants, chiefly those of the cruciferous order. 
The summer brood, hoAvever, is very liable to the attack of 
a four-Avinged hymenopterous insect knoAvn as the ‘‘ichneumon 
fly ” {A])anteles {Microgaster) glomeratus). This insect lays its 
eggs inside the eggs of the Butterfly,^ the same or different 
^ J. H. Fabre, The Wo7iders of Instinct ; also The Life of the Qateiy illm. 
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mother ichneumon flies piercing with a thread-like ovipositor 
each infected egg thirty or more times. Seventy-five parasites 
have been known to emerge , ... 

from one unfortunate host. 

The larvae of the fly live ' 

parasitically on the juices of ■ ■ ; 

the caterpillar, until they are ' 

about to pupate, when they 
emerge one after the other 




through a little hole in the Fjg. 171. — Caterpillar of Pieris 


skin and pupate near it, 
surrounding themselves with 


brassicae attacked by the Ich- 
neumon Fly. 

jB, Cocoons of larvae which have made 
yellow silk cocoons (big* 1/1, their way out of the body of the cater- 

B). At this point the cater- ; a , one ichneumon fly which 

pillar usually dies, and much has emerged from one of the cocoons. 

as we may dislike the methods of the ichneumon fly, it 
doubtless is of great use in preventing the Cabbage White 
Caterpillars from becoming a serious plague (cp. page 487). 

Belonging to the same family of Butterflies as 
leri ae. Large and Small Cabbage Whites, ie. the family 
of the Pieridae, are the Orange Tip and the Brimstone Butter- 
flies. They all have the same habit of 

f supporting the body, by a silken girdle, 
when pupating. 

The Orange Tip spends nine or ten 
months of the year in the pupal stage. 
The butterfly emerges in May, and lays 
its eggs in June, on the flower-stalks 
of some crucifei'ous plant, frequently 
cuckoo-flower or hedge-mustard. On 
jg this plant the bluish -green caterpillar 

feeds, finally changing to a curiously 
• shaped pupa such as is shown in Fig. 

^11 172. 

Fig. 172.— Pupa of the Tke Brimstone attracts special 
Orange Tip Butterfly notice, for it is usually the first butterfly 

suspended on a stern appear in the spring. It hibernates 
of Cuckoo-flower. . i - 

in sheltered copses during the 'winter, 

and a Avarm day, even in March, is sufficient to rouse it to 
activity. It lays its eggs under the lea^ms of the buckthorn, 
Avhich form the food of the greenish caterpillar until July, 


Pieridae. 
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following spring, .a period of seven 


Nympha- 

lidae. 


when it pupates. The perfect insect emerges at the end 
of July or beginning of August, and lives right on till the 

or eight months, which 
is an unusually long life 
for a full-grown winged 
insect. 

The pre- 
do m i n a n t 
British fam- 
ily of butterflies is that 
of the Nymphalidae, of, 
which the genus Vanessa 
( = Pyraimis) includes 
the Bed Admiral {V, 
atalanta), the Painted 
Lady (V, cardui), the 
Peacock {V, Id), and the 
Tortoise-shells {V urticae 
and Tolychloros), a gaily 
coloured group as the 
names of its members 
suggest. In all these 
butterflies, the front pair 
of legs is much reduced 
in size, and is usually 
smaller in the male than 
in the female. The 
caterpillars of them all 
are set with stiff hairs 
so that they have a 
bristl}^ appearance ; also all have the same habit of suspending 
themselves freely by the tail when about to pupate.^ Tkey 
are able to do this securely because of the little process 
covered with tiny hooks (known as the “ cremaster ”) which is 
developed at the end of the pupa and which fixes into the little 
cushion of silk which the caterpillar makes before pupation. 

The Tortoise-shells and Peaeoek live through the winter 
in the winged state, and may be again seen on the wing in 



Fig. 17-3. — Stages in the life of the Peacock 
Butterfly ( Vanessa lo). 

A, Caterpillar feeding on nettle; B, caterpillar 
suspending itself when about to pupate ; 
C, suspended chrysalis. 


^ For investigations into the stinging properties of these hairs, and some 
details of the act of pupation in V. polychloros^ see Life of the Gaterpillar^ 
by J. H. Fabre, chap. viii. 
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April. Their caterpillars feed in companieSj those of the 
large Tortoise-shells on elms or various other trees, the small 
Tortoise-shells and the Peacocks on nettles. The Painted 
Lady and Red Admiral are not known to hibernate, but the 
former frequently migrates hei'e from N. Africa early in the 
summer, and the latter is suspected of similar immigration. 
The caterpillars of the Painted Lady feed usually on thistles, 
concealing themselves by doubling over the leaves and bind- 
ing them together with silk thread. The Eed Admiral 
caterpillars are common on nettles. They also bind a few 
leaves together to form a hiding-place, but they live singly, 
not in companies. 

The Fritillaries {Argynnis and Melitaea) are distinguished 
by their fulvous (yellow-brown) wings, spotted and marked 
with black above, but with the hind wings usually showing 
on their under surface spots and bars of silvery white. 

The caterpillars of Argynnis are usually found feeding on 
dog-violet leaves, but also sometimes on sweet violet or on 
pansy. 

- The family Lycaenidae includes the ‘‘Blues,” 

^ ‘ Coppers,” and “ Plairstreaks,” all easily recog- 

nised by their characteristic colouring, and also by the peculiar 
shape of the caterpillars, which are short, much thicker in 
the middle than at either end, and have no stiff or conspicu- 
ous hairs. In shape they are more like wood-lice Than like 
ordinary caterpillars. The front legs of the butterflies are 
only slightly shorter than the other legs. The Hairstreaks 
are characterised by a little process on the hind margins of 
each of their back wings, known as the “ tail,” and also by 
the fine lines of white running across the under sides of the 
wing, from which they get their name of “Hairstreaks.” 
They are high-flying butterflies and not easy to catch, except 
when they come down to visit the bramble flowers. 

Some of the caterpillars of the Blues are said to eat Scale 
Insects and Aphides, whilst on the other hand a friendly 
relationship exists between the caterpillars of other species of 
Lycaena and certain species, of ants. The ants are known to 
stroke the back end of the caterpillars, and thus induce them 
to give out a juice from a gland situated on the third segment 
from the end of the body ; this juice is then eagerly licked 
up by the ants. 




CHAPTEE XV II 
INSECTA {continued) 

Order : Lepidoptera {continued) 

Moths (Heterocera). 

General That group of the Lepidoptera to which moths 
Character- belong is a very large and a rather heterogeneous 
istics. members are usually to be known 

by the form of the antennae, which are thickest in the middle 
and pointed at the tij). Often also they are set with fine hairs, 
when they are said to be “feathered” or pectinate (Fig. 163, <3,/). 
Most moths have thicker, heavier bodies, and wings with duller 
colouring, than butterflies. They usually fly at night and 
pupate in the earth, or occasionally in the air, in which case 
they surround themselves with a cocoon — an extra wrapping of 
silk threads sometimes intermixed with hairs or earth. When 
at rest, a moth usually holds its wings horizontally over its back 
instead of vertically as is the habit of butterflies. In some few 
moths there is no proboscis, the maxillary lobes hanging freely 
from the mouth, e.g. in the Wood Leopard {Zeuzera gjyrina). 

The Silk- Perhaps the moth whose life-history is most 
worm Moth frequently watched and is best known, even in 
Bombycidae). country where it is not a native, is the 
Silkworm Moth {Bonibyo: mori), which feeds on the leaves of 
the mulberry tree, or, if these are not to be had, on lettuce. 
This moth has been widely cultivated in many lands for 
so many ages, because of the valuable silk the larva spins, 
that its real native country is not certainly known, but it 
seems probable that it came originally from China. It is 
related that in 2600 B.c.,^ Si-ling-chi, the wife of the emperor of 
^ VHistoire g6n4rale de la Gliine^ by M. Mailla. 
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China, Hoang-ti, first discovered how the silk could be wound 
off the cocoon, and further how this silk could be woven into 
fabrics, and so she introduced into her countiy this industry 
which made it rich and famous. From China the industiy 
spread gradually all over the world. There is no other insect 
which has for so long played, and still plays, such an import- 
ant part in human life, giving work to veiy many thousands 
of people, and making possible the production of most delicate 
and beautiful fabrics. 

The details of the life-history of the Mulberry Silkworm 
Moth are so well known that they will not be repeated here. 
Some members of the family Saturniidae are now also culti- 
vated for their silk. Antherea ixt'phia is the Tussore Silk 
Moth of India. 

The Buff Tip ^ good typical British motli to study is the 
Moth (Noto- Buff Tip Moth {Plialera hucephala), which is very 
dontidae). common in London and in the south of England 
generall}^ — indeed it 
occurs throughout 
Britain. The whitish 
eggs of the moth are 
laid, usually in J uly, 
in. clusters on the 
under side of the 
leaves of many differ- 
ent trees. Bound 
London, lime, elm, 
and hazel are perhaps . 

those mostfrequen tly l74._Iniago of the Buff Tip .Moth, 

chosen. Early in 

August, the groups of tiny yellow and black caterpillars may 
be found, all still on the same leaf where they began life, 
feeding voraciously side by side (Fig. 175, A). After a time 
they cease feeding and rest for three days, then they shed 
their skins and begin once more to feed. 

Before the moult, the head is black and relatively small, 
but afterwards it is disproportionately larger and at first 
yellow, though it graduall}^ darkens. The body also is more 
hairy after the moult than before it. 

In four or five weeks, during which time several moults 
will have occurred, the larvae will be full grown, and will 

8 
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probably have stripped of its leaves the twig on which the}' 
have been feeding. They are big, fat caterpillars nearly tv/o 
inches long. Their bodies are yellow with interrupted black 
stripes running longitudinally down them (see Fig. 175, B). 
They now cease feeding and travel down to the earth, in 



Fig. 175. — Stages in Life of the Buff Tip Moth. 

A, Lime leaf with young larvae, several of which have just shed their sldii ; a, cater- 
pillar just before the moult; &, caterpillar just after moult, with bigger head, 
Older larva now feeding alone. C\ Pupa. 

which they pupate. It is at this stage that we find the 
caterpillars so frequently on the path below the limes and 
elms, and if they are carried home the change to the pupa can 
very soon be seen. The caterpillars enter the damp earth, 
their bodies shorten, and they become dull-looking and 
apparently lifeless; but if left for a time in the earth, they 
will be found to have cast off their larval skin, and to have 
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become compact, reddish-brown pupae as shown in Fig. 175, G. 
The rudimentary mouth-parts, antennae, and wings of the moth 
are now distinctly visible through the semi-transparent shell of 
the pupa, and the spiracles can also be seen on the segmented 
abdomen. In this quiescent state, only moving the abdomen 
very slightly if disturbed, the pupa remains all the winter, the 
moth not emerging until June or July. It is not often seen, 
for it flies chiefly at night, and when at rest its beautifully 
marked brown and fawn wings, folded over its body, make it 
difficult to distinguish from the bark of the tree on which it 
settles (Fig. 174). 

Belonging to this same family is the strange Puss Moth, 
the green and purple-brown caterpillar of which is well known 
because of the grotesque 
attitudes into which it 
contorts itself when dis- 
turbed, and also because 
of the two strange whip- 
like processes at the end 
of the body. These are 
the two claspers modified 
into two long tubes, 
which are held sloping 
upwards ; and from these 
can be ' protruded two 
fine pink threads which 
may be thrust rapidly out, curving over the back, or drawn 
in. It feeds on poplar, sallow, or willow. When full grown 
it pupates within a very hard woody cocoon which has one 
thinner end. AYhen the moth is ready to emerge, the 
chrysalis cuts through this with a special keel-like structure 
which it has on its front end, and further the cocoon is 
softened by a special secretion so that the moth can extricate 
itself. The pupal stage may last nine or ten months. 

The “ Poplar kitten ” and “ Alder kitten are caterpillars 
with similar tail appendages. 

A family of moths well represented in Britain 
(S^ h^^dae) Hawk Moths (Sphingidae) ; it is a 

’family specially easy and interesting to study, 
because of the size and the beauty of both caterpillars and 
perfect insects. The caterpillars are usually smooth-skinned, 



Fig. 176. — Caterpillar of the Puss Moth 
( Dicranum vimda). 
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and are peculiar in having a projecting horn on the eighth 
abdominal segment. In most of them, also, the sides are 
marked with seven oblique coloured stripes. In the Privet 
- Hawk (Fig. 177), the caterpillar when full grown is three 

inches long, and is 
green with oblique 
white and 2:)urple 
stripes. Behind the 
horned segment two 
other reduced seg- 
ments are visible, the 
last bearing a large 
pair of claspers. The 
general structure of the 
caterpillar is similar to 
that of the Large White Butterfly described in Chapter XYI. 
All the liawk Moth caterpillars, when full fed, bury themselves 
in the ground, and there change to naked pupae, remaining 
in that stage all the winter. In some, the proboscis of the 
enclosed moth j)rojects from the pupa like a handle. The 
moths themselves are very thick-bodied, and have rather long, 



Fin. 177. — Caterpillar of the Privet Plawk 
{^ihiinx ligustre) leediiig on Privet. 



narrow wings ; the thick antennae are jiointed at the tips 
(Fig. 178). Many of them are beautifully marked, and are 
coloured pink and green, brown, fawn, russet, and yellow. 
Burnet Burnet Moths are also A^ery common, especially 
Moths the Six-spot Burnet {Zygacna filipenclulae). Here 
(Zygaenidae). yelloAV, black-spotted caterpillar, which feeds 
on clover, bird’s-foot trefoil, and other plants growing 
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camongst the grass, ascends a grass stem when about to 
pupate — generally in June — attaches itself to the stem, and 
surrounds itself Avith a spindle- 
shaped cocoon Avhich is yelloAv and 
glazed (Fig. 179, 1). Within this 
outer case the pupa forms. When 
the moth is ready to come out, 
the pupa, which is capable of more 
movement than is usual at this 
stage, forces itself half out of the 
cocoon (see Fig. 179, c), and then 
from it there emerges the beautiful 
little moth. It has bluish-green 
front Avings, each marked Avith six 
bright red spots, and its hind 
Avings are almost entirely red except 
for a narrow green border. It is 
a day-flying moth, and has much 
brighter colouring than is found in 
the night-loving forms. 

Tiger Moths members of 

and Ermine the family Arctiidae are 
Moths amongst the commonest 
(Arctiidae). knoAvn of the 

moths, as for example the garden 
Tiger Moth {Arctia caia), Avhich in 
its caterpillar stage is knoAAUi as the 
‘‘^voolly bear.’' This caterpillar 
found on many different garden 
plants ; it is covered Avith long, 
brown, backAA^ardly sloping hairs. 

When about to pupate, it cuts off 
these Avith its jaAvs, and Aveaves 
them into a cocoon, AA’-hich it makes 
amongst the foliage and Avithin 
Avhich it pupates. The moth, Avdiich 
emerges in July, is very brightly coloured, the front Avings 
being buff Avith dark-broAvn markings and the hind Avings a 
brick-red Avith black spots. In spite of such bright colouring, 
usually characteristic of sun-loving forms, this moth only 
flies at night, and therefore is not often seen. 



Fig. 179. — The Six-spot Burnet 
Moth {Zygaena fili])endulae). 
a, Caterpillar ; b, cocoon containing 
pupa ; c, empty pupal skin pro- 
jecting from the cocoon ; i7, 
motli which has emerged from c. 
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The Buff Ermine (Sioilosoma lubriciimla) is also common in 
gardensj its ^mllow, grey, or brown cater23illar having a lighter 

^ stripe and biish}^ tufts 

/ - . of hairs down each side. 

As in the “ Tigei^^ the 
hairs are used to 
strengthen the cocoon, 
Avhich is spun amongst 
the leaves and in which 
the winter pupal stage 
is passed. In June, 
the yellowish - white, 
dark -spotted moth 


The Cinnabars have 
conspicuous caterpillars 
with alternate bands 
of orange - yellow and 
purplish-black on them ; 
they feed on ragwort. 

The Footman Moths 
are also nearly related ; 
they feed on lichens. 
When at rest with 
wings folded they have 
a peculiar, stiff appear- 
ance, which, it is sug- 
gested, is the reason for 
their English name. 



Goat Moths 
(Cossidae). 


The Goat 
Moths are 
notable be- 
cause of the habit which 
obtains amoni^st their 
very large reddish 
caterpillars of boring 
into and feeding on the 
wood of willow and other trees. They live thus in the triudc 
of the tree for three years, and their presence can often be 
detected by the goaty smell of the liquid which they excrete. 
When full groAvn, and nearly three inches long, the caterpillar 


Fig. 180. — A “Looper” Caterpillar feeding 
on Privet. (Natural size.) 

The lower specimen is resting, supported by a 
line silk thread attacking its bead to the twig. 
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sometimes leaves the tree, and may be seen whilst it is 
searching for a convenient spot in which to pupate ; this then • 
takes place near some decaying log, for it makes for itself a 
rather flimsy cocoon of silk mixed with fragments of wood ; 
more usually it pupates within the tree near the mouth of 
the tunnel. The moth emerges in June or July, a month 
after pupation. It is large and heavy, with a brownish body 
and greyish wings. 

Wood Leopard Moths {Zeiizera are closely related 

to the Groat Moth and have similar habits. These moths are 
fairly often to be seen round London in the summer, and are 
easily recognisable from the many dark spots which decorate 
the greyish-white surface of the wings. 

The Looper ^he Loopep Moths fly at night, and there- 
Moths (Geo- fore are not very well known excej^t to those who 
metriclae). specially collect them. The caterpillars, however, 
from their special characteristics, are easily recognised. 
They have slender, generally brown or green bodies, and are 
peculiar in having only one pair of abdominal feet, in addition 
to the claspers, the pair on the ninth segment of the body. 
In consequence of this, they move with the curious looping 
motion which has suggested thenameof the family (see Fig. 180 ). 
These caterpillars all readily spin delicate silk threads, with 
which, if disturbed, they quickly suspend themselves from 
the tree or plant 
on which they are 



living, climbing the 
thread back to their 
former position 
when the danger is 
past. 

The Swallow- 
tailed Moth {Our- 
wpieiip^ samhucaria) 
is a common, large 
example of the 
Geometridae. The 
eggs are laid in 
July, usually on ivy leaves, and the caterpillars so strongly 
resemble little pieces of stick that it is quite difficult to 
detect them amongst the ivy twigs. They hold to the twig 


Fig. 181. — The Swallow-tailed Moth 
( OitrcqHeryx sambucaria.). 

(Drawn from a dead specimen. Natural size.) 
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by their abdominal feet only, the rest of tbe body being held 
stiffly out at an angle to the twig, so that it looks like a side 
branch. The caterpillars feed on ivy, hawthorn, or other 
plants, from August of one year until the following June, 
when they pupate. Tbe moth emerges in July. It is a 
large yellowish form, with two thin darker marks across 
the front wings, and a distinct “ tail ’’ on the outer margin 
of each hind wing, with a small dark speck on it (Fig. 181). 

The Magpie Moth {Abraxas grossulariata) is another very 
common Geometrid. It is the caterpillar of this moth which 
often destroys the foliage of currant and gooseberry bushes. Both 
caterpillar, pupa, and moth have a varied coloration of yellow, 
white, and black — a “ warning coloration, for this caterpillar 
is distasteful to birds.^ It is, however, attacked by the Tachina 
fly, which lays its eggs on the caterpillar ; its maggots become 
parasitic in the caterpillar, and finall}^ kill it.^ The pupae are 
to be found attached to the bushes by a few silk threads. 

The Early Thorn Moth (Silenia Ulunaria) has reddish-brown 
cater]Dillars, to be found in September feeding on hawthorn, 
birch, etc. ; they are specially interesting because of their 
striking resemblance to a little rough twig. Thej^ ])upate 
about the end of the month, and the moth, which also shows 
beautiful protective colouring, emerges in the early spring. 

The China China Mark Moths are worthy of mention 

Mark Moths because of the adaptation of the larvae to aquatic 
(Hy^o- life, which is rare amongst Lepidoptera. The 
campidae). caterpillars live on the surface of the water, and 
surround themselves with cases made of leaves in the fashion 
of some caddis worms. Fig. 182 represents the Small China 
Mark {Cataclysta lemnata^ the caterpillar of which makes for 
itself a case of ducloveed bound together with silk. The 
eggs of this moth are frequently to be found on the under 
surface of the leaves of frogbit or of duckweed. The larva 
is said to be wetted at first by the water and to breathe 
through its skin, but later the spiracles become functional ; 
when this has happened, it is found that the body, under 
water, looks silvery owing to the air surrounding it, and the 
case now becomes impermeable to water. The larva hiber- 
nates through the winter and pupates in May, creeping out 

^ Coloicrs of Animals, E. B. Ponlton (1890). 

“ Insect BiugrajiMes^ J. J. Ward. 
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of the water on some plant stem, to whicb it fixes its case, 
and then spinning a little silken cocoon, within which it changes 
to the pupa (Fig. 182, c). 

The moths are inconspicuous, whitish -grey forms, with a 
little darker marking on the wings. When folded, the 
hinder margins of the wings appear 
pleated, and the scales of the wing 
overlap each hind margin as a little 
fringe (Fig. 182, d). 

The Brown China Mark {Hydro- 
campa mjmp^heata), in its larval 
stage, makes a much neater pro- 
tective case hj^ biting a little oval- 
shaped piece out of a large, leaf, 
and then cutting out another piece 
of the same size, and binding the 
two together with silk to form a 
little hollow, lens-shaped covering 
over the bodj^ 

The Tussock Moths 
are rather small, dull- 
coloured forms, the 
males of which* have 
conspicuously pectinate 
(comh-like) antennae (see Fig. 183, 

31). The females are often wing- 
less, and the larvae usually have 
noticeable tufts or tussocks of hair 
on them. These hairs tend to 
come out when the caterpillar 
is handled, and to cause irritation 
and sometimes a troublesome rash 
on the skin. 

The Vapourer Moth {Orgyia antiqua) is one 
“Tussocks.” The caterpillar (Fig. 183, L) is of 
violet-grey colour with a light-coloured line down its 
spotted with red ; it has four tufts of yellowish hairs rising 
up from the first four abdominal segments, as well as clusters 
of other, finer, softer hairs. The sides of the body are yellow. 

These caterpillars are much more active than those of 
most Lepidoptera. They can quickly make their way over 


Tussock 
Moths 
(Lyman- 
triidae or 
Liparidae). 



Fig. 182. — Stages in the Life of 
the Small China jMark jMoth. 
e, Eggs under a leaf of frogbib ; a, 
caterpillar removed from its 
case; h, caterpillar in its duck- 
■\vecd case ; c, pupa ; d, imago. 


of these 
a pretty 


back. 
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Fig. 183. — The Common Vaponrer Motli 
{Orcjijia antiqua), (Slightly enlarged.) 
Ly Larva ; M, male moth ; F, female moth. 


the ground from one idant or tree to another, and they can 
feed on many different kinds of leaves. The caterpillars, there- 

fore — w h i c h 
are hatched from 
one batch of 
from one to two 
hundred eggs — 
quickly scatter 
and so disperse 
the species, a 
process often left 
to the females of 
other moths, 
who fly from 
plant to plant 
laying eggs in 
scattered spots. 
It is interesting 
to note that here, where there is no need for the female to be 
active for this purpose, she is practically wingless (see Fig. 
183, F), and never moves far from the cocoon from which she 
emerges. Her mate finds her there, for he is winged and 
can seek her. Her eggs are laid in one batch upon or near 
the cocoon. Neither male nor female Yapourer Moth is 
capable of feeding, for the proboscis is rudimentary. Since 
it is not necessaiy for them to fly far and wide, it is not 
necessaiy either for them to feed. The brown-coloured males 
fly with a curious looping course, which used to be called 
“ vapouring,^’ and hence their name. They are very common 
round London, flying in the day-time. 

The Pale Tussock {Dasychira imclibunda) has both the male 
and female forms winged. The caterpillar used to be known 
as the “ hop-dog it is not, however, often found on hops nowa- 
days, but is frequent on birch, hazel, oak, and other trees. 
It is greenish or yellowish in colour, with a row of stiff tussocks 
of hair along its back ; these are yellow on segments four to 
seven, with a longer, red tuft on segment eleven. 

The Leaf- Tortrix Moths are very small, dull- 

rolling coloured forms, the front wings usually with 
Moths characteristic markings in each species, the hind 
(Tortricidae). greyish and without markings. Their 
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Fig. 184. — The Green 
Tortrix Moth. 
(Natural size.) 


larval habits are peculiar. Many of them live protected by 
the leaves on which they feed, rolling them up in various 
ways and binding them with silk. 

The Green Tortrix (T. mridana)^ which comes out in May, 
is very common. The caterpillar is green, with black warts 
on it, each wart bearing a hair. It is very 
commonly found on oaks, dropping by a 
thread from the boughs if shaken, and it 
often does a great deal of damage. The 
pupal stage is passed through protected by 
the rolled leaf. The moth which emerges 
(Fig. 184) has greenish front wings with a white fringe, 
and pale-brown hind wings with a grey fringe. The under 
side of all four wings is a silvery white. When at rest, the 
wings are held sloping obliquely to each other like a roof. 

The larvae of other members of the family live inside seeds, 
fruits, or buds. One is the cause of the destruction of many 
of our peas, the caterpillars eating their way into the pods 
and destroying their contents. They pupate in the soil for 
the winter, and should then be carefully destroyed by deep 
hoeing and digging. 

Clothes The Tineidae include the smallest of all the 
Moths. Leaf- moths and some of the most destructive. To 
Small* family belong the little brown moths that lay 

Ermines, their eggs on woollen materials and furs, the 
(Tineidae.) larvae of which work at times such havoc in our 
clothes by actually eating away the stuff. There is the White- 

tipped Clothes Moth (Tricho- 
j[)]iaga tajpetzella)^ whose larva 
spins webs in which to conceal 
itself ; whilst the larvae of the 
Woollen Moths {Tinea pellio- 
nella and Tinea hUelliella) make 
for themselves little cases of 
particles of the material on 
Avhich they are living, thus 
rendering their detection diffi- 
cult (Fig. 185). When full 
grown, the larva creeps away 
into a corner, and pupates inside its case, the moth emerging 
in about three weeks. The first moths of the year appear as 



Fig. 185. — The Woollen Moth. 
(After Reaumur.) 

The larva, covered by the case it has 
made eating a piece of cloth. 
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early as February, and several successive broods are reared 
before the winter. Naphthalene Avill drive them aAvay from 
any material, or clothes ma}^ be protected merely by Avraj^ping 
them in a paper bag Avith mouth securely closed, as, if no 
crack is left, the moths are unable to enter or to pierce the 
paper in order to lay their eggs in the material. ' 

The Leaf- Miners burro av into a leaf, living inside it 

protected by the upper and 
lower epidermis of the leaf. 
The increase in size of the 
burrow as the larva itself 
grows can usuall}^ be traced. 
Leaves marked in this Avay 
(Fig. 186) are A^ery common, 
and usually the markings are 
due to these small Tineids, 
though they are sometimes 
caused by certain small beetles 
and flies. The larva Anally 
makes its way out of the leaf, 
usually in autumn, and 
pupates in a little cocoon 
close by (Fig. 186, B). From 
this there emerges in time the 
minute moth, Avhich, in the 
species figured, has ayelloAvish- 
red head, bronze-coloured 
front Avings, and narroAV 
faAvn hind Avin2:s ; both 



larva {Nepiicula riijlcajntdla) e, the 
point at wliich the bnrrow begins ; B, 
cocoon ; C, the Oak Miner Moth. 


pairs 

Avith 


of AAUngS 


are coA^ered 
long hairs (see Fig. 

186, a). 

The Small Ermines {Hyioonomeuta) are little moths Avith 
silky Avhite fore AAungs speckled Avith black dots, and greyish 
hind AAdngs. The caterpillars live in large companies pro- 
tected by a common Aveb, and different species are to be 
found on many different plants, especially on the apple, 
haAvthorn, and bird-cherry. They Avill often strip a small 
bush of its foliage, and leave it coA^ered AAuth tangled Avebs, 
inside of Avhich, in July, ma}^ be seen packets of Avhitish 
cocoons enclosing the yelloAV pupae. 
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Cutworms name is gi^mn to the caterpillars of three 

or Surface different moths, the large Yellow Underwing, the 
CaterpHlars Turnip Motli, and the Heart and Dart Moth. 
(Noctmdae). moths are rather alike when at rest, 

as the upper wings of each are mottled brown and grey, but 
the back wings are distinctive, being yellow with brown 
marginal stripes in the former and of a brownish white colour 
in the latter. 

The Heart and Dart Moth is rather like tlie Turnip Moth, 
but has characteristic heart-shaped and club-shaped brown 
markings on the front wings. 

The caterpillars of all three are more or less soil-coloured, 
and are very destructive to plants, for they feed through the 
summer and autumn on ]Dlants near the ground, often cutting 
off whole young shoots. In the winter thej^ take refuge in the 
soil, hibernating in little earthen cells, and wake in the spring 
with most voracious appetites. 

Two other members of the family are also troublesome 
pests 'when young — the Cabbage Moth, which in the larval 
state infests cabbage, lettuce, and dahlias, and the Dot Moth, 
which attacks also fruit bushes and trees. 

The caterpillars of the Cabbage Moth vary in colour a good 
deal ; they are dull brown or green, with yellow or greenish 
lines and dots on them. 

The Dot Ca ter jii liar is more destructive ; it is j^ale green 
or pale brown, with darker gi'een or darker brown V-shaped 
markings ; also it has a little horn at the end of the body. . 

Lackeys Laekey Moth itself is not very con- 

and Eggers spicuous, for it is all yellow or brown and flies at 

(Lasio- night in midsummer, but the little bracelet of eggs 
campidae). ^y^rhich it lays round the twig of a fruit tree or some 
forest trees is well known, for this remains exposed all the 
winter, the eggs only hatching in April. The caterpillars 
remain together most of their lives, constructing an irregular 
silken tent under which they can shelter. They are a slat}^- 
blue colour, striped longitudinally with a central white line, 
on either side of which there are various black, orange-red and 
blue lines, with two conspicuous black spots on the head and 
segment next behind the head. These larvae often do serious 
damage to plum and apple trees ; they pupate in June or 
July, spinning an oval silky cocoon with loosely woven outer 
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layers in Avhicli is entangled a sulphur-like powder ; this 
powder is ejected the caterpillar before pupation in the 
form of a fluid which scatters and dries in the air. 

To this same family, Lasiocanypidae, belong the Eggers, 
the Eox Moths, and the Drinker Moths — all large yellow- 
brown forms with hair}^ caterpillars that hibernate. 

The Oak Eggen caterpillar is easily recognised by the 
velvety black rings dividing the brown hairy segments and 
by its hard, light-brown, oval cocoon, the egg-like appearance 
of which probably suggested the popular name of the genus. 

The Fox Moth caterpillar, when full grown in autumn, is 
all velvety black with a covering of short tawny and longer 
brown hairs dorsally and whitish hairs laterally. 

The Drinker caterpillar gets its name from its love of 
sipping a drop of dew. It is slaty-grey with two lines of 
jmllowish dots on the back ; it is covered with black and 
l3rown hairs dorsally, but has tufts of shaggy white hairs 
laterally and a conspicuous, erect tuft of brown hairs on the 
second and on the eleventh segments. 

These last three caterpillars are quite harmless, as they do 
not attack fruit trees, but live on heather, grasses, and other 
wild plants. Their hairs, however, are irritating to the human 
skin. 

It has only been possible to mention here a few repre- 
sentative butterflies and moths, but it is hoped that those 
chosen for description or mention give a good idea of the 
variety of habits and forms amongst this very large and 
important order of insects, one which appeals to us not only 
on account of the great beauty of very many of its members 
and the interest of their Amried individual life-histories, but 
also from the economic point of vieAv. Mention has already 
been made of the importance to man of the activities of the 
sillavorm. Then again the essential cross-pollination of many 
of our floAvers is due to the butterflies or moths Avhich visit 
them, and Avithout this external aid certain species of floAvers 
might become extinct. On the other hand, Ave need to knoAv 
and to guard against the ravages of those forms Avhich in 
the early larA^al stages destroy many of our edible or 
ornamental plants and also our clothes. 
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Classification of the Lejjidoytera mentioned in Chapters 
XVL and XVIL 


Sub-order I. Ehopalocera (Butterflies). 

Family 1. Pieridae. 

The Large Cabbage White (Pieris hrassicae). 
The Small Cabbage White {Pieris ixqnie). 
The Orange Tip {Euchloe cardaminef). 

The Brimstone {Gonepteryx rliamni). 

Famil}^ 2. Nymphalidae, 

Bed Admiral (Vanessa dtalanta). 

Painted Lady (Vanessa cardui). 

Peacock (Vanessa lo). 

Large Tortoise-shell (Vanessa pohjchloros). 
Small Tortoise-shell (Vanessa urticae). 
Fritillaries (Argynnis and Melitaea). 

Family 3. Lycaenidae. 

The Common Blue (Lycaena icarus). 

The Chalk Hill Blue (Lycaena corydon). 

The Small Copper (GJmjsopihanus phloeas). 
The Purple Hairstreak (Zephyrus quercus). 


Sub-order II. Heterocera (Moths). 

Family 1. Bombycidae. 

The Silkworm Moth (Bomhyx mori). 

Family 2. Notodontidae. The Prominents. 

The Buff Tip I\[oth (Phalera hucephala). 

The Puss j\loth (Dicixmura vinida). 

Family 3. Sphingidae. The Hawk Moths. 

The Privet Hawk (Sphmx ligiistre). 

Family 4. Zygaenidae. The Burnets. 

The Six-spot Burnet (Zygaena filipendulae). 
Family 5. Arctiidae. 

The Tiger Moth (Arctia caia). 

The Buff Ermine (Sqnlosoma lubriciqjedaf 
The Common Footman (Lethosia liirideola). 

The Cinnabar (Hijjocrita jacobaeae). 

Family G. Cossidae. 

The Goat Moth (Gossus ligniperda). 

The Wood Leopard (Zeuzera pijrina). 

Family 7. Geometridae. The Looper Moths. 

The Swallow-tailed Moth (Ourapieryx samhucaria), 
The Magpie Moth (Abraxas grossidaria). 

The Early Thorn (Silenia bilunaria). 
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Family 9. 


Family 10. 
Family 11. 


Family 12. 


Family 13. 


Hydrocampidae. The China Mark Moths. 

The Small China Mark '^l.oi\\{Oatachjsia lemnata). 
The Brown China Mark Moth {Hydrocam-jKc 
ny'iiijyheata), 

Lyman triidae or Liparidae. The Tussock IMoths. 
The Vapourer ]\Ioth {Orgyia antiqiia). 

The Pale Tussock {Dasychira qnulihunda). 
Tortricidae. Tlie Leaf-rolling Moths. 

The Green Tortrix {Tortrix viridana). 

Tiiieidae. 

The White-tipped Clothes Moth {Tricliopliaga 
taiJetzella). 

The Woollen Moths {Tinea qoellionella and T. 
biselliella). 

The Oak Miner {Nepticula rnficaj)itella). 

Tlie Small Ermine {Hyijonomeuta qnidella). 
FToctuidae. 

Large Yellow Underwing {Triphoena q^romiha). 
Turnip Moth {Agrotis segetum). 

Heart and Dart Moth {Agrotis eccclaniationis). 
Cabbage Moth {Mamcstra brassicae). 

Dot Moth {Mamestra persicariae), 

Lasiocampidae. 

The Lackey Moth {Malacosoma nemtria). 

The Oak Egger {Lasiocampa quercus). 

The Fox Moth {Macrothylacia rubi). 

The Drinker {Cosmotriclie potatoria). 


Practical Hotes on Lepidoptera. 

Study of the Cabbage White Butterfly. 

1. In May or in July, watch the Large White Butterfly when 
she visits the cabbage bed or the garden nasturtium, and after- 
wards hunt for the eggs she may have left behind her. When 
found, mark the leaf on which they are, and visit daily. Keep 
a record of their development, noting dates of hatching, first 
moult, successive moults, time of dispersal of the brood, date of 
2DU23ation, etc. 

2. Bring a few large caterpillars indoors for more detailed 
study. Examine with a lens, and carefully sketch one of them, 
making clear all the main points in its external structure. Watch 
the movements of the jaws as the caterpillar feeds. 
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3. Place a full-fed caterpillar inside a tall glass cylinder^ 
Make the cylinder firm by fixing its lower end in a pot of earth, and 
cover the top with a piece of muslin or perforated zinc (Fig. 187). 
The caterpillar will probably begin at once to climb up the glass, 
and, when so doing, its structure can be very clearly seen, and also 
the way in which it secretes silk 
from the spinning- tube, fixing a 
zigzag ladder to the glass. When 
it reaches the top, it will probably 
stop and, after a time, fix itself in 
preparation for pupation. Note the 
time and method of fixing, watch 
the formation of the silken girdle 
which supports the body, and in 
two days’ time be on the look-out 
for the splitting of the skin and the 
appearance of the chrysalis. 

4. Try the effect of changing the 

environment of caterpillars wlien 
about to pupate. Cover the wall of 
the breeding cage in one case with 
gold paper, in another with black 
or red paper, and note tlie colour of i87._sin,pie Breeding-cage 
the chrysalis in each case. Compare the caterpillars of moths 

results with those given in Colours or butterflies. 



of AniuicdSy by E. B. Boulton. e, a pot of earth; c, a glass cylinder; 

5. But the chrysalis into an airy d, a pot of wet sand sunk in the 

place, and when the time comes ■ and containing the food. 

1 ■£• -i • .1 plant, 6 ; a, muslin cover. 

{%.e. in two or three weeks ii it is the 

first brood of the year, or the following May if it is the second 
brood) watch for the emergence of the imago. 

6. Distinguish the male and female butterflies, and draw a speci- 
men of each. Suspend in the insect cage a small sponge soaked in 
honey and watch the butterflies feeding on it. Finally set the 
butterflies free, unless you are afraid of the possible damage their 
oftspring may do to your cabbages or those of your neighbour 1 


SUidy of other Butterflies and Moths. 

1. Collect any Lepidopteran eggs or caterpillars that you can 

^ The glass cylinders sold as candle screens are very suitable. Cheaper 
.substitutes can be made by taking a S-lb. glass jam jar and cracking oft its 
base by running the top of a red hot steel knitting needle evenly round it, 

T 
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find,^ always bringing home with them a good supply of the plant 
on which you find them, as that may be the only one on which 
the larvae will feed. 

Very small caterpillars may be conveniently kept at first in the 
glass-topped, round, tin breeding-boxes which can be bought at 
most dealers ; larger caterpillars may be kejjt in such a simple 
breeding-frame as that shown in Fig. 187, made of a glass candle- 
shade and a j^ot of earth, the stalk of the food-plant being put into a 
small pot of wet sand to keep it fresh ; the food itself must always 
be dry. Each kind of caterpillar should have its own home. 
This type of insect-cage is convenient when it is not known whether 
the caterpillar is that of a moth or of a butterfly, for in the former 
case, at pupation, it can enter the earth in the pot ; in the latter 
case it will climb and pupate at the top of the cylinder. Many 
other varieties of insect-cage can be easily made, but it is important 
in them all to remember to arrange for an earthy floor, a means 
of keeping the food-jAant fresh, good ventilation, and also shade, 
as caterpillars do not like bright light. 

In the case of each caterj)illar kept, an illustrated record should 
be made of the stages in its life-history. Specimens may be 
identified by reference to such a book as The Moths and Butterflies 
of the British Isles (3 vols.), by E. South. 

2. When a female butterfly or moth is reared, keep her alone 
for a time under a wire gauze cover near an open window, and keep 
watch the next few days to see whether the males from the country 
round will find her. Eepeat some of J. H. Fabre’s fascinating 
experiments,- and experiment yourself to find out by what sense 
they discover her. 

^ If collection is impossible, eggs, larvae or pupae can always be obtained 
from Mr. li. W. Head, entomologist, Scarborougli, or from Mr. L. W. Newman, 
Bexley, Kent, or from other entomologists. 

- The Life of the Calerpillai\ by J. IT. Fabre, chaps, xi., xii., and xiii. ; also 
his ^^ocial Life in the Insect Worlds chaps, xiv. and xv. 
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Order : Coleoptera (Beetles) 

General The Coleo 2 )tera, or “ sheath-winged ”, insects, all have 
Character- four wings, but the front pair is modified to form 
istics. horny protective sheaths, or elytra, which fit exactly 
over the uf)per surface of the body, showing only the tip of 
the abdomen, and . 

completely cover- ^ 

ing the hind f)air ( 

of membranous 
wings, which are 

These wings, ^ in 

strong flight, are ' 

much larger than ^ 

the elytra, and * 
when not in use 

they are creased \ 

and folded both ^ 

longitudinally 

and transversely Fig. '188. — The Silver Water Beetle {Jlijdrophilus 
SO that they fit inccus), with the second pair of wings e.xtended. 

b 1 the (Brawn from dead specimen. Natural size.) 

in e OW 1 c, Elytra ; d, triangular plate on the last.joints of the tarsus, 
elytra. characteristic of the male. 

The moiith- 

parts are modified for biting, there being very well developed 
mandibles. The central fiart of the lower lip is not divided 
as it is in the Orthoptera (Fig. 220). These insects undergo 

271 




Fig. ' 1 88. — The Silver Water Beetle {Jlijdrophilus 
inccus), with the second pair of wings e.xtended. 
(Brawn from dead specimen. Natural size.) 
c, Elytra ; d, triangular plate on the last.joints of the tarsus, 
characteristic of the male. 
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a complete and great metamorphosis. The larva is some 
times a legless grub, but often there are three pairs of small 
thoracic legs ; the pupa is soft, with no hard pi’otective 
pupal case, and the organs of the imago show clearly through 
the thin pupal skin. This order is an enormous one 
numerically. It is reckoned that about 150,000 species are 
already known, and this number is constantly being added to j 
a little over 3000 of these are British. 

On the whole, beetles are not such good fliers as most insects; 
indeed many of them use their wings but rarel}^, for they live 
mostly close to the ground where vegetation is dense and food 
plentiful. In some of these ground beetles the membranous 
wings are mere rudiments. A good many British forms arc 
aquatic, and since the life-history of these is usually more easy 
to follow than that of the land forms, one of them will now 
be taken as the type for detailed study. 


Sub-order 1 : Adephaga (Beetles with Thread-like Antennae). 

These forms arc sometimes also known as the Carnivora” 

on account of the nature of 
their food. The larvae as well 
as the adult beetles are excep- 
tionally active and predaceous ; 
the name of the sub-order means 
“ the ravenous ones.” 



Family 1 : Dytiscidae 

Type : The Carnivorous Water 
Beetle {Dyticus marginalis), 

Dyticus marginalis is a large 
handsome beetle, very common 
in 2)onds, often seen at the sur- 
face as 'it tilts the tip of its 
abdomen out of the water to 
take in a fresh sujDjdy of air. 
If alarmed, it dives veiy rapidl}^ 
down to the bottom, soon, 
however, floating up again, for 
its body is lighter than the water, and so it is unable to 
remain below except by active movement or by clinging 


Fig. 189. — The Carnivorous Water 
Beetle {Dyiicus marciinalis). 
(Natural size.) 

a, Antennae ; d, disc on front leg, 
cliaracteristic of the male. 
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to some support. This beetle can be very easily kept in 
captivity, and will live for several years if well fed. Its 
natural food consists of tadpoles and soft-bodied larvae and 
even small fish, but it can be fed on '‘gentles,'’^ which 
it will devour eagerly. In spite of its carnivorous habits 
and strong mandibles, the beetle may be handled without 
any worse consequences than a possible prick from the two 
little sharp spines that are present on the under side of the 
body just between the last pair of legs, or a discharge of 
a bad -smelling fluid, either from just behind the head or, 
sometimes, from the end of the body. 

The sexes are very distinct. In both, the body 
^n^Sexes^^ is about inches long and of an olive -brown 
colour, with a light -brown border running all 
round the thorax and down the outer margin of the elytra; 
but whilst in the male the surface of , 

the elytra is nearly always smooth, in 
the female each elytron is usually deeply 
furrowed ten or eleven times from the 
base for half its length. This distinc- 
tion, however, is not quite invariable, 
and a safer guide is the curious disc 
which is always present on the front 
legs of the male only (Fig. 189, d ) ; /M 
it is formed from the much - enlarged 
first three segments of the five-segmented M 
foot or tarsus. When the under sur- 
face of this disc is examined, each 
segment is found to be beset with a 
number of small stalked suckers with ^ 

two much larger ones on the first tarsal 
joint (Fig. 190). The terminal portion , 

of each of these suckers, small or large, -pm. 190.— Tarsus from 
is slightly concave, and strengthened the fore-leg of a male 
with radiating ribs ; when it is firmly Dyticus, (Magnified.) 
jiressed on any surface, considerable Under-side, showing the disc 

suction results, though, according to formed from the first 
^ _ -r , , o i 1 • 1 . three segments of the 

Mr. Lowness account,- this seems to tarsus, 
be owing not merely to adhesion due 

to atmospheric pressure on the upper surface of the sucker, 
^ See p. 370. - Month. Micr. Journ. vol. v., 1871, p. 267. 


three segments of the 
tarsus. 
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Respiration. 


but also to an adhesive liquid that is given out by it. These 
adhesive discs seem to be used by the male in holding the 
female. The -coiTesponding joints on the second pair of 
legs in the male are also slightly enlarged and capable of some 
adhesion. The back legs in both sexes are strongly feathered, 
and are the chief organs of locomotion. 

The Head head bears compound eyes, which project 

but little, and a pair of long, delicate, jointed 
antennae. From the sides of the mouth are seen projecting two 
pairs of palps, and strong, toothed mandibles are also present. 

As has been mentioned above, the beetle always 
comes to the surface to renew its air supply. There 
space between the wing-covers and the abdomen, and 

this space is always filled with 
air, and into it, on each side, 
open eight spiracles, of which 
the last pair is specially large. 
When the beetle pushes its 
tail out of the water, air is 
taken in by these two last 
spiracles, and also the large 
air-bubble below the elytra 
is renewed ; thus a store of 
air is obtained for use when 
the beetle is swimming below 
the surface. The silvery 
bubble of air is often to be 
seen extending backwards 
beyond the elytra. Although 
Dyticiis spends most of its life in the water, it will occasion- 
ally fly, especially at night, and so it gets widely distributed. 
On the ground it is very awkward and helpless, jerking about 
in a very unsteady fashion. 

In the spring, the female beetle lays her eggs, 
^^^serting them in a slit which she makes in the 
stem of some water plant (Fig. 192). The yellow- 
brown larvae hatch in about three weeks, and are full grown in 
another four or five weeks — an unusually rapid development. 

The larvae of Dyticus are very common in ponds 
and ditches. They are the very fierce, active 
little creatures known to children as “ toe-nippers.^’ They kill 



Fig. 191 . — Dyticus marginalis. 

Wing-cover and one wing x^illed aside to 
.show the eight spiracles down the 
right side of the body. (Natural size.) 


The Larvae. 
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and suck the blood of a veiy large number of other soft-bodied 
inhabitants of the pond, and hence are often called ‘‘ Water 
Tigers/’ They should never be brought home in a collecting tin 
with other creatures. 



Fig. 192. — Female Dyticus laying eggs in the stem of a rush in which her 
ovipositor has made a longitudinal incision. (After Regimbart.) 


The general form and characteristic attitude of the larva 
is shown in Fig. 193. The head is fiat and bears six simple 
eyes on each side. The mouth is peculiar, being merely a 
horizontal slit between the upper and lower lips (labrum and 
labium), which is closed even 
when feeding. On either side 
of this is a curved, sharply- 
pointed mandible, having a 
minute tube running through 
it, open near the tip and again 
at the base. 

The larva seizes its prey 
with these jaws, and then 
quickly closes them over its 
mouth as far as possible. 

This action brings the basal 
oj^ening of the tube into the 
corner of the otherwise closed 
mouth, and the blood of the 
victim is sucked into the 

mouth through the channel.^ Fig. 193. — Full-grown Larva of 



Dyticus marginalis with man- 
dibles, m, extended. (Nat. size.) 


The larva feeds chiefly in this 
way, though apparently it can, 
by extending its mandibles ^ail appendages which float on the water 
® , T. surface when the beetle is breathing: 

Widely, open the narrow slit- 

like mouth sufficiently to swallow small solid particles. 

1 For further details of the locking action of the mandibles, automatically 
closing the mouth, see Prof. Miall, Aquatic Insects ^ pp. 45-47. 


276 


INTRODUCTION TO ZOOLOGY 


CHAP. 


The segmented body narrows down towards its eleventh 
or last segment, and bears terminall}^ two fringed appendages 
(Fig. 193, 1). When the larva floats up to the surface, with 
tail upcurved as in Figure 193, in order to take in a fresh 
supply of air through the two spiracles at the tip of the 
tail, these hairy appendages float out on the surface film 
and help to buoy up the body. Seven other pairs of spiracles 
are present down the sides, but they are closed. After having 
drawn in sufficient air, the larva, with a few vigorous strokes 
of the tail, swims down, and seizes the weeds with its jointed 


thoracic legs, and there lies in wait for its prey. 

Late in the summer the larva leaves the water. 
The Pupa. pupates in the damp earth near. It first 
excavates a little cell, then sheds its skin, and the ]Dupa is 
disiDlayed. This stage may last only a week or two if it is 
reached fairly early in the summer, but it late, the perfect 
insect will not emerge until the following spring. When first 
the pupal skin is discarded, the beetle is white and soft, and 

it is not until after some 
days that its skin tiu’iis 
brown and hard, and it takes 
its first flight into the air. 



Other Water Beetles allied 
to Dyticus. 


Acilius. 


Pig. 194.- 


x2. 


Another very 
common water 
beetle closely allied to Dyti- 
cus is Acilius sulcatusy the 
‘‘ furrowed Acilius. It is 
smaller than Dyticus^ being 
about I of an inch long, 
and it has a very flat body, 
yellow-brown above and darker underneath. It has peculiar 
black markings on the head and thorax (Fig. 194), and also 
some dusky spots near the hind end of the elytra. The 
sides of the abdomen may be spotted with yellow. As in 
Dyticus^ the male has an enlarged disc on each of the front 
pair of legs, though these are usually carried tucked away 
under the body, and are therefore difficult to see ; if, however. 


-Acilius sulcatus (male). 

The first pair of legs is hidden below the body. 
The actual length is shown by the line to 
the right. 
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the beetle is put on his back out of water and then touched, 
he will put them out to cling with them ; the second pair 
also is hidden, except when the beetle is at rest, when they 
are extended in order to hold to the weeds ; the third pair 
is used exclusively for swimming. 

The male has usually smooth elytra, but in the female 
each has four broad, shallow furrows running their whole 
length, and lined with light 
brown hairs. When placed on 
its back out of water, this 
beetle will, if on a rough 
surface, spring up and over 
on to its feet with the 
greatest ease, sometimes with a 
curious sizzling noise. The 
larva is like that of Dyticus 
but smaller, and with a narrow 
first thoracic segment looking 
like a neck. 

A minute water 

Hyphydrus. 

because of its almost globular 
form and rusty red colour, is 
the Hyphydms ovaiiis, with a; body 



Fig. 195 . — ILyphydrus ovatus. 

A, Resting at the bottom of the pond ; 
R, swimming down in the water. 


Ilybius. 


\ of an inch long or less. 
llyhius is a beetle common round London and 
in many other places. llyhius fuliginosus is one of 
the commonest species ; it can be 
recognised by its black, narrow 
body, convex above, and with a 
brownish -yellow streak down the 
outer margins of the elytra (Fig. 

196) . 

Screech Sereech Beetle, 

Beetles or Squeaker {Pelohins 
(Pelobiidae). tardus)^ is another 
common frequenter of ponds (Fig. 

197) . It is about half an inch long, 
and is well known because of the strange squeaking noise 
it makes by rubbing the hard rim of the last segment of the 
abdomen in a groove under each of the elytra. The beetle 
is a golden-brown colour (reddish when dead), and there is a 



Fig. 190 . — Ilybius fuliyinosns 
(female) (the “ Miici-dweller”). 


, 
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brownisli-bLack pcatcli over each eye, and along the front and 
back margins of the first thoracic segment, whilst a large black 

mark covers the hinder part of each 
of the elytra. The under side of 
the thorax and also of the hind 
end of the abdomen is black. The 
body is strongly convex both above 
and below, and consequently move- 
ment is difficult on the ground, 
though in the water the beetle is 

O 

very active. 

The larva is aquatic and has 
a rather unusual appearance (Fig. 
198 ). Its golden-brown body 
consists of a head and eleven 
segments, i^rettily marked above with dark brown. The 



Fig. 197. — The Screech Beetle 
{Pelohius tardus). 



a, Line indicating real length. 


last segment bears three long tail whisks, which are used 
to some extent in swimming, and which do not 
seem to be respiratory, for there are special little 
delicate respiratory filaments under the thorax 
and first three segments of the abdomen. 

The larvae and perfect insects 
(CicendeMae) beetles so far mentioned 

have been aquatic and carnivorous; 
allied to them are the carnivorous Tiger Beetles, 
which live on land, and may be recognised by 
their broad heads with large eyes, their long 
thin legs, and blue-green or brown elytra spotted 
or marked with yellow or white. They have well-develo^^ed 



Fig. 199. — The 
Tiger Beetle 
{Cicmdela 
cam2:)cstris). 
(Natural size.) 
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PierosiicJms maclidiis is canofcber ground beetle very fre- 
quently exposed whilst gardening. It is about f inch long 
and of a shining black except for its reddish-coloured legs ; the 
elytra are longitudinally grooved and are fused together. 

Brachinus crepitans^ the little “ Bombardier Beetle/^ is only 
just over inch long, and has a red head and thorax and 
blue-black wing covers. It is noted for its habit of ejecting 
from its bod}^ Avhen alarmed, a fluid which at once A^olatilises 
with a little explosion. It is common on the chalk downs of 
the South of England. 

All the beetles so far described have had 
simple, threadlike, jointed antennae. The next 
three sub-orders to be considered have variously 
modified antennae, usually with the last few segments thicker 
than the rest (club-shaped or clavicorn), or with the segments 
extending laterally on their inner sides, so that the antennae 
appear serrate (serricorn). In others, again, the antennae have 
their last joints enlarged to form leaf -like plates or lamellae 
(lamellicorn). For convenience, this classification into clavi- 
corn, serricorn^ and lanidlicorn forms will be adopted here, 
with a further subdivision according to habitat, the group 
being too enormous for a more scientific classification to be 
useful here, where only a very few forms can be described. 


Sub-order 2 : Clavicornia. 

Garden Beetles with Clubbed Antennae (Clavicorn Beetles), 

Ladybirds are perhaps the best known, and 
(Co^ebSudae) some of the most useful of beetles to the 
gardener, for throughout their lives they feed on 
the green-fly [Ajyhides) that do so much harm by sucking the 
juices of plants (see p. 318). The adult beetle, with its 
brightly coloured body, usually red with black spots, is 
constantly to be seen from early spring till late summer. 
The conspicuous coloration may be considered as serving a 
protective warning function, for a yellow fluid of disagreeable 
smell and taste issues from the joints of the legs, so that the 
insect is distasteful to birds. The upper side of the body is 
very convex, and so curved that from above little of the head 
can be seen* The antennae are very short and slightly 
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clubbed. There are t^yo species which are particularly com- 
mon — the “ two-spotted and the “ seven-spotted ” ladybirds. 


Fig. 201. — TMie Two-spotted Ladybird {Coccinella bi-jncnclata), 

Diflbrenb stiiges in its life-liistory, on a rose-twig: i, imago; pupa ; I, larva ; 

(j, green-(ly on which the larvae are feeding. (Natural size.) 

They lay their little clusters of yellow eggs on some plant 
infested by the Aphides on which they feed. 

The larvae which hatch out are active little six-legged 
creatures, which hunt the green-fly and devour them vora- 
ciously. In two to three weeks^ time, if food is plentiful, the 
larva is full grown, and is then longer than 
the beetle ; it has a rough, dark-grey body, 
spotted with black and yellow (Fig. 202). 

It now suspends itself from a leaf by means 
of a sticky secretion given out by the tail. 

The larval skin splits at the head end, and 
is pushed down and off the body. The 
pupa form within swells to a blunt, angular 
body, which moves when touched (Fig. 

201, pi) ; it IS a deep yellow colour at 

first, but it soon darkens. From this (Lniar^ed.) 

pupa the perfect insect emerges in about ten days. 

The Cock Coek-tail Beetle, or “ DeviPs Coach-horse 

taif Beetles {Ocypus olens), is one of the “ Eove Beetles,” which 
(Staphy- feed on insects and worms ; they are frequently to 
linidae). 

roving about on footpaths and roads. 
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perhaps on their to 

beetle is a dull black Avith 





7 


Fig. 203. — The Cock-tail Beetle 
{Ocypus olcns). . (Natural size.) 
c, The short elytra. 


neA7 hunting grounds. This 
slight red tinge at the end 
of the antennae. It and 
all members of its family haA^c^ 
peculiarly short elytra in 
spite of the avcII - deAmloped 
membranous AAungs, Avhich 
haA' e to be much crumpled up 
to get them securelj^ beneath 
the elytra. In consequence 
of the shortness of these, the 
abdomen, which is A^ery easily 
movable, can be curled up 
(Fig. 203), and this is so con- 
tinually done that the beetles 
have gained permanently the name of “Cock-tails.”^ The 
larva lives underground and is not often seen. 

There are many other British Rove-Beetles, all easily dis- 
tinguished by their short ‘ elytra. The Bed Eove Beetle is 
very common. LomeeJmsa stnmosa is a small rare beetle found 
in the nest of the Blood-red Ant (page 459). 

The Sil])hiclae includes the Avell-knoAAm Burying 
Burying and or Sexton Beetles [Necrophorus) as Avell as the 
BeSles Beetles [Sil]o]ia). Most of the genus 

(Silphidae), Necropliorus are gay in their attire, having a double 
red band across the elytra, but N. Immator, a 
form an inch long, is clothed in funereal black, and is therefore 
knoAvn as the “ Black Burying Beetle ” to distinguish him 
from the slightly smaller and more cheerful-looking “ Sextons.” 
These beetles are quickly attracted by the presence on the 
ground of the dead body of some small animal such as a mouse, 
and at once they begin to excavate the soil from beloAv it so 
that it gradually subsides, and in time becomes covered 
by the soil AA’^hich slips doAvn over it as it sinks. In the 
decaying body the mother beetle laj-s her eggs, and Avhen 
they hatch, the little grubs feed on the horrible food they 
find all around them until they are ready to pupate, Avhen 
they burroAA^ into the earth, making little cells for themselves.- 


^ See “An Interview Avitli a Devil’s Coach-horse Beetle,” in Insect Bio- 
graptlvie^, by J. J. Ward. 

“ Forexperimentson instinct in these beetles, see Fabre’s Wonders of histinct. 
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The Carrion Beetles {SiljjJia) are mostly about J inch long ; 
usually they have black, oval bodies, though the “Four-spot 
Carrion,’^ which is common in oak woods in the South of 
England, is yellow with black spots. They eat the dead 
bodies of small animals without first burying them, though 
here too the carcase serves as a home for eggs and larvae. 


Aquatic Beetles with Clubbed Antennae. 


Type : The Silver Water Beetle {HydropUlus ynceus). 

Some of the beetles with club-shaped antennae are 
aquatic; the largest of these is the Silver Water Beetle 
(Fig. 204), a form which used to be fairly common round 
London, but is now becoming scarce. It is a very dark green, 
almost black, dorsally, though in the water the thorax and 
front part of the abdomen appear silvery beneath, owing to 
the film of air held by the closely- 
set, short hairs which cover this |q, 

part of the body. The air film ^ 

also extends on the dorsal side 
round the neck and between the 
thorax and elytra. The beetle 
swims rather irregularly in the 
water, using the legs of the two 
sides alternately, instead of to- ^ 
gether as in Dyticus, The two Jv 
back pairs of legs are large and ’ ^ ^ 

feathered and are used in swim- M % 

ming, whilst the front legs are ^ M 

much smaller. In the male, the % E 

last joint of the foot (tarsus) is % ^ 

flattened out into a triangular plate 

(Fio- 188 tZ) Silver Water 

Below’the long elytra are large ^icus ? ). 

. . ^ n no\ 1 Drawn from dead specimen with 

membranous wings (big. loo), by antennae, a, spread out (in life 

the aid of which the beetle flies 
from pond to pond, usually at 

night. On the ventral surface the body slopes to a ridge in 
the middle line, and the thoracic ridge is prolonged behind 


Fig. 204. — ^The Silver Water 
Beetle 9 )• 

Drawn from dead specimen with 
antennae, a, spread out (in life 
they would be hidden in this 
view) ; maxillary palp. 
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into a strong spine, which sometimes inflicts a prick when 
the beetle is handled. 

Like Dyticus^ HydrojMlus has to come to the 
Eespiration. breathe, but whilst the former tilts its 

tail up into the air, and takes in its fresh supply through the 
abdominal spiracles, refilling the air space below the elytra 
from behind, the Silver Water Beetle swims to the surface and 
lies there almost horizontally, just lifting one “shoulder” out 
of the water and opening a little air passage between the head 
and thorax; this passage is bounded on its outer side by 
the curiously curved antenna, the end joints of which are 
densely covered vdth hairs which prevent the water 
from obtaining entrance.^ The air passes through this 
channel and along the air films at the sides of the thorax and 
abdomen, and so into the thoracic and large first abdominal 
spiracles ; at the same time the large reservoir of air below 
the elytra is renewed for use later on, when the beetle is 
submerged again. There is a row of spiracles on either 
side of the abdomen opening into the dorsal air reservoir. 
When the beetle is at the surface, the interchange of 
air is assisted by the rhythmic movements of the elytra, 
which alternately lessen and increase the capacity of the air 
reservoir. 

These beetles feed chiefly on various water- 

Food, -^veeds, but apparently they are also carnivorous to 
a slight extent, though they only attack quite small creatures. 

In April, the female Hydrojyhilus may be seen 
surface of the water, where the vegetation 
is fairly thick, prej^aring the cocoon in wliich she 
lays her eggs.^ She has at the end of her body two tubular 
spinnerets from each of which a silk thread issues, and, 
clinging to the weeds upside down, she weaves a little 
concave sheet of silk which just covers the upturned lower 
surface of her abdomen, attaching the silk to a floating 
leaf; then, turning over, she weaves a similar- piece, and joins 
the two together into a cocoon closed at one end (Fig. 205). 

^ For a very clear, detailed account of the process, refer to Aqiudic Insects, 
by Professor Miall. 

- As I have not yet had the good luck to watch this whole process, the 
following description is taken from Lyonnet, Memoires du JSfusdum, vols. 
xviii.-xx., and from Miger’s account in the A7m. du Nus^lir d'JIisi. Nat. 
tom. xiv., 1809. 
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She keeps her abdomen hidden inside this cocoon, and for 

the next two hours she lays neat rows of eggs in it, until about 

fifty or sixty eggs hang vertically 

from its roof, with their pointed / 

ends uiDpermost and with an air J 

space below them. When this 

process is completed, she begins ^ 

to close the open end by spinning /( 

fresh threads round it ; finally a 

little uj)right hollow spike is "-Pis 

Avoven which may project nearly — ■ 

an inch above the water (Fig. 

205, s). The function of the 

spike may be to form an air 205. — The Egg-cocoon of the 

channel from the air above, doAVn Silver Water Beetle. (Nat. size.) 
to the eggs. It is, however, 5, iioiiow spike, 

closed at the end, consequently 

air can onlj^- enter it by diffusion. The cocoon Avhen finished 
is firm and Avatertight. 

The larvae, Avheii thej^ 
KJ The Larvae. stay for about tAvelve 

hours inside the cocoon, and then make 
their Avay into the Avater as soft, grey- 
coloured grubs, Avith black heads and 

strong jaAvs, Avith Avhich they bite the 
animal food that they noAV favour — 
usually small snails and tadpoles. They 
liaAm to come to the surface to 
breathe, taking in air through spiracles 
at the end of the tail. They groAv 
II 4 Amry quickly, and in a fcAV Aveeks, 

H if Avell fed, the larA^a leaves the Avater 

n and pupates in the earth, inside an 

A oval cell Avhich it excaA^ates. The 

Fig. 206.— Larva of the perfect insect, AA^hen it emerges from 

Silver AA^ater Beetle. pupa, remains underground for a 

(Alter Aliall.) then forces its AAniy out 

(Natural Size.) earth and flies to a pond. 

Except for occasional migrations from one pond to another, 
it spends the rest of its life in the Avater, lying dormant 
at the bottom of the pond during the Aviiiter. 
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Whirligig 


Shiner Beetles 


i ■i|! ; I 

■ i' 


111 '- 






'iJ i!!:!' 

V -Jlh i'. 


Whirligig classed with the Clavicorn beetles, since their 
Beetles antennae are short and slightly club-shaped. 
(Gyrinidae). numbers in ponds, especially 

in the early autumn. The commonest 

f species, Gijrinus natator, is only about of 
an inch long, and its body is convex 
above and flat below. It has a remark- 
ably shiny, blue-black body, and it darts 
about in the sunshine at the surface of 
the water ^vith great rapidity, constantly 
turning and twisting, and so earning the 
Fig. 207.— The whirli- name of '' Whirligig.^' If disturbed, it 
swims to the bottom of the water and 
clings to a weed, until it is obliged 
to float to the surface again for more air. As it swims, 
a shining bubble of air is often to be seen clinging to the 
end of the body. The two back pairs of legs are short but 
broad, fringed with hairs, and are used in swimming, the 
front pair being used for holding. In . 

the male the tarsal joints are enlarged. ^ W 
These “ Whirligigs ” seem to have two pairs \CI/ 

of eyes, for each compound eye is divided 
into an upper half, which views the surface 
of the water, and a lower half, which is 
submerged and looks through the water. 

These beetles feed on water plants 
and minute water insects, occasionally 
flying from pond to pond; they hibernate 
on the mud at the pond bottom. Eggs are 
laid in the spring on some submerged plant, 
and the larvae hatch within a fortnight ; 
they may be but little more than half an 
inch long, and each has a head and twelve y/|‘ |\\ 




ffi 

segments. The three thoracic segments bear W « 

ordinary jointed legs, and each of the first 

eight abdominal segments bears a pair of ^^o/the~WhidTgI^ 

delicate feathered ‘‘tracheal gills,” whilst Beetle. 

the last segment bears two pairs of such 

gills. The larva is carnivorous, but will at times feed on 

water plants. It swims actively with a serpentine motion. 


Fig. 20S. — Tlie Larva 
of the Whirligig 
Beetle. 
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After a while it leaves the water, and is said to pupate on some 
plant which grows above the water surface, spinning for itself 
a little silk cocoon well hidden amongst the foliage and very 
rarely seen. The imago emerges in August or September. 

Sub-order 3 : Serricomia. 

Garden Beetles with Serrate Antennae. 

Skipjacks or Skipjacks, or Click Beetles, the form 

Click Beetles, of the antennae is very variable. It may be 
(Elateridae.) serrate — made up of little triangular pieces, 
which project most on the inner side of the antenna — 
but it is thread-like in q 

just a few beetles, which, 
however, because of their 
resemblance in other 

here. A curious feature 
in the anatomy of Click 

Beetles is the elongation of d ^ 

the first segment of the ^ 

thorax on its under side ' 

into a central spine (Fig. 

209, s), which points 

backwards and fits into 
a groove in the second 
segment. If the beetle . 

is put on its back, it 

arches up its body (Fig. S 

209, A) so that only the ^ 

front of the thorax and 

elytra touch tlie ground, 

and the spine just rests _ 

on a ridge above the ' ' 

groove ; then it suddenly 209.— Skipjack Beetles. 

contracts the muscles, so 


TlAt. SIZ6. 

Big. 209. — Skix)jack Beetles. 

A, Beetle on its back preparing to jump. JB, 
Jumping and at the same time rever.sing 
that the spine is forced it® position as a result of its action in posi- 
. . tion.ifl. U, Beetle once more on the ground 

past this ridge into the after having been in positions A and B suc- 

groove, with a click; this 

sudden movement causes the arching of the body in 
the reverse direction, and the tips of the elytra strike the 
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ground with such force that the recoil jerks the body two or 
three inches into the air, usually reversing its j)osition at the 
same time, so that the beetle alights on its feet (Fig. 209, C). 

The larvae of these beetles are the troublesome wire- 
worms ’’ wliich live in the ground, and some species of which 
do great damage to the roots of plants. They are small, 



Fig. 210. — The Wire- worm or Larva of the Click Beetle. ( x 3.) 


yellow, rather stiff creatures, with an elongated, thin body of 
the same thickness throughout its length, and with six short 
insignificant legs and a process projecting downwards from 
the last segment which serves as an extra foot. 

Glow-worm The Glow-woPin Beetle {Lam^yrh noctihica) 
Beetles is a small beetle about a third of an inch long, 
(Lampyrides). j^oted for the intermittent luminous glow given 
out from below the last three segments of the abdomen. 



B 

Glow-worm 
Beetles. 

A, Male; B, female. 
(Life-size.) 



Fig. 212.— Male Beetle 
with wings outspread. 

(Slightly enlarged.) 


This characteristic 
is speciall}^- notice- 
able in the wing- 
less, dark- coloured 
females, and is used 
in attracting their 
mates. Fabre 
describes how at 
the mating season 
the females climb a 
stalk and jerk their tails up first in one direction and then in 
another, flashing their little signal lights to the winged males 
who are flying overhead; he is a little smaller than the 
female, and is only slightly luminous, having only two 
little dots of light on the last segment of his body. The 
egg and the larva also exhibit a faint glow. The larva 
is very like the female in form, but is slightly narrower, 
and has a row of light marks down each side of the back 
(Fig. 213). This beetle is only active at night, and is most 
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Fig. 213. — Larvae of Glow-worm Beetles. 


usually found on a damp, grassy bank. It should be 

encouraged in gardens, for the larva eats small snails, first 

‘‘ cliloroforming his 

victim, according to 

Fabre, by several little \ ^ P! ^ /! 

poisonous nips with his 

jaws and then sucking 

up its juices. 

The European Fire- ( v 

flies are closely allied to ! S f 

our glow-worms. In W 

them the males also are • • ' = 

brightly luminous and • 

go about in swarms, 

adding a great charm Fig. 213.— Larvae of Glow-worm Beetles, 
to the summer nights. 

The females of this lire- fly are said to be very rarely seen. 

The Furni- ravages of the^ Furniture Beetle {Aoiohhm 

ture Beetles striatum) are only too well known, for it is the 

(Ptinides). cause of worm-eaten wood, the ‘‘worm’^ being 
the little white larva, which, with the aid of a pin, can some- 
times be extracted without difficulty from a hole in an old 
piece of furniture. The larval, wood-eating stage is said to last 
for three years; after the pupal stage a little dull-brown 
beetle, about -J- of an inch long, makes its way out of the 
wood. It has a queer, rounded shape, and its head and legs 
can be tucked away below the body, so that it appears 
inanimate and is easily overlooked.^ 

Anohium clomesticum is the ‘‘ Death A¥atch Beetle,’’ which 
also lives in old wood ; the ticking noise made by it, to which 
has been ascribed an uncanny prognostication of the approach 
of death, is really the signal of the little male desiring a mate; 
it is a presage of life rather than death. He is beating with 
his horny “ shoulders ” on the sides of the tunnel in which he 
lives, and in response a similar “beat” or “tick” may come 
from a neighbouring tunnel. 


^ Tlie ‘‘worm” can .sometimes be destroyed in worm-eaten furniture by 
washing thoroughly with benzine every day for a week, or, where possible, by 
merely wrapping the infected wood in rags well soaked with parallin oil and 
leaving out in the open air for two or three weeks. I have entirely cured 
badly infected wood in this way. 
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Sub-order 4 : Lamellicornia. 



Fig. 214. — The Common Cockchafer 
{Melolontha viclgaris). 

J, j\rale cockchafer ; L', young larva ; 
older larva, (Natural size.) 

eartli two or three inches down. 


One of 

The Cockchafer , -I ^ 
(Scarabaeidae). 

known of 
the Lamellicorn Beetles is 
the Common Coekehafer 
{Melolontha vulgaris)^ in 
which the antennae are 
markedly “ lamellicorn/’ 
those of the male having 
seven leaflets, whilst the 
female has only six. These 
insects are very common 
in the early summer, 
especially during the month 
of May. They rest during 
the heat of the day amongst 
the leaves of trees, and 
come out chiefly in the 
early evening and early, 
morning, flying with a 
heavy, clumsy flight. 
They feed on the leaves 
of many common forest 
trees, and although their 
life as winged insects only 
lasts for six weeks, they . 
may, if they are numerous, 
do very great damage to 
the trees. 

^ At the end 
Life-history. 

ginning of June, the female 
Chafer lays small, yellowish 
eggs in two or three little 
clusters of ten or fifteen at 
a time, each cluster being 
hidden away in a hole 
which she excavates in the 
In five or six weeks the 
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larva hatches, and for two or three years it lives underground, 
feeding at first on decaying organic matter in the soil, but later 
attacking the roots of plants with its strong jaws, and thus 
doing much damage. The gnibs are soft, white creatures with 
dark, horny heads and no eyes. They have six weak, black legs, 
but all power of movement in these is soon practicall}^ lost. 
They hibernate in the soil, lying coiled round as in Fig. 214. 
The duration of the larval stage varies slightl}^ in different 
countries, but in England it is usually during the third summer 
of its life that the larva burrows a little deeper in the ground and 
pupates for a short while. The perfect insect then throws ott’ 
its pupal skin, but it still remains underground until the follow- 
ing April or Ma}^, so that the beetle is- nearly three years old 
when it first emerges into the air and light, and with a hum- 
ming noise flies to the trees. 

An allied form is the beautiful metallic-green Roseehafer. 
This beetle is about f inch long, and is very destructive to 
roses, eating the centre of the flowers. 

The Dor Beetles or “Dumble-dors^’ {Gcoinvpcs) 
^arabaeidae^)^ related to the Chafers, and, like them, fly at 
night, with a strong blundering flight, humming 
as they go; often'a Dumble-dor will collide with some object 
and sometimes will fall to the ground, where he will lie 
helplessly on his back, kicking his legs, apparently quite 
unable to get up again in spite of his strong thoracic muscles, 
which make it quite a difficult matter to hold him securely. 

These beetles are black or blue-black or bronze in colour, 
and have thick, rounded bodies -J- to 1 inch long ; they may 
be found under patches of cow or horse dung, below which 
they excavate their vertical burrows in the earth : a pair 
work at this together, and then the female excavates one or 
more oval horizontal chambers leading off at different levels 
from the vertical shaft ; in each of these she packs away a 
ball of the dung brought down to her by her mate, and in or 
on this she lays an egg ; the larvae when they hatch feed on 
the matex'ial thus stored for them and pupate in the earth. 
Dor Beetles are often found nearly covered below with 
numbers of the little yellow mite Gcimasus, which may, as 
suggested by J. J. Ward,^ perform a useful function in keeping 
the polished, horny skin of the beetle clean. 

^ Insect Biographies, by J. J. Ward. 




292 


INTRODUCTION TO ZOOLOGY 


CHAP. 


Geoirivpcs stercorarms is the commonest Dor Beetle. The 
male of G. typhms is peculiar in having three forwardly 
projecting processes on his thorax. The Sacred Scarab also 
belongs to this family but is not British.^ 

The Stag Beetles {Lucanus cenmis), the largest 
^Luca^daeT British beetles, are also lamellicorn. They 

have dark-brown bodies, and fly chiefly in the 
evening. The male ma}^ be over two inches long, and he is 
very formidable-looking because of the enormous enlargement 



Fig. 215. — The Stag Beetle {Lucanus ccrmis), Male. (Natural size.) 

(Drawn from a dead .specimen ; the parts are therefore rather unnaturally extended.) 

of the antler-like mandibles (Fig. 215, ??^), but these apparently 
are only used in fighting contests to gain a mate, and the 
beetle feeds most harmlessly on the sweet juice which exudes 
from oak trees. , The female Stag Beetle is much smaller than 
the male. The larva is much like that of the Cockchafer, but 
lives for about four years in the decaying wood of the trunks 
of trees. When full grown it makes a cell in the rotten wood 
and pupates there. The beetle, which emerges in the winter, 
stays within its cell until the following June, when it pushes 
its way up to the air and light. 

^ For an account of this see Insect Life^ by Fabre (published by Macmillan, 
price 9d.). 
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Sub-order 5 : Ehyncopbora (Snout Beetles). 

In all the Snout Beetles the head is lengthened in 
front into a characteristic snout or beak, also the foot 
(tarsus) is typically four -jointed. The number of these 
beetles is enormous, including about 25,000 species. The 
Weevils and the Bark Beetles are perhaps the best known 
of them. 

^ The Weevils constitute 

Weevils 1 1 r 

(Family ^ ^^ry large assemblage of 

Curcu- forms, many of which are 
lionidae). ge^fous pests. They can 
always be recognised by the snout or 
beak (rostrum) that projects in front 
of the head, and also by the antennae, 
which are usually very distinctly 
elbowed, i.e, each has a long basal immrum), 
joint which can be extended out- 
wards at the sides of the head, whilst the other, terminal 
joints turn forward and are thickened at the tip (Fig. 216). 

The tarsus appears to be four- jointed only, but in some 
cases another, very small joint can be detected. 

Weevil larvae are legless ; they feed on very various sub- 
stances ; one, a very short-snouted form, the Pea Weevil, 
lives in ripening peas, and the larva on emerging malces the 
little circular holes often noticed in them. Another, the Nut 
Weevil, which has a long snout, lives, when a larva, inside 
hazel nuts. Another attacks the flower-buds of fruit trees, 
especially the apple. Again, the felled wood of pine trees, 
stored grains of wheat, the roots and stalks of turnips and 
cabbages, and parts of many other plants are attacked by 
these voracious creatures. 

The Birch Weevil (Fig. 217) is one of the most interesting, 
because of the clever way in which it cuts a leaf from margin 
to midrib on both sides, and then rolls the lower part into a 
narrow cone to protect the eggs which it laj^s within, closing 
the cone at its lower end by rolling the tip and tucking it in 
— a wonderful case of an inheinted complex instinct, the 
evolution of which it is extremely difficult to understand. 
The blind larva lives inside the funnel until it is full grown, 
feeding on the leaf. 
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The Common ^ common Bark Beetle is Hylesimis fra:i:ini, 
Bark Beetles which occasionally does much damage to ash trees. 
(Scolytidae). It is a tiny beetle, which bites through the bark of 



Fig. 217. — The Birch '\Vee\dl {Rhynchiies betulae). 
a, The full-grown insect, natural size ; the birch leaf rolled by the weevil. 


the tree, and then excavates a little horizontal tunnel in the 
wood just inside the bark (Fig. 218 ). In small bays in the 
side of this tunnel the beetle lays her eggs, and the maggot- 
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like larvae which hatch out feed on the tissues of tlie wood, 
eating little tunnels which pass out at right angles to the 
mother tunnel, as shown in the diagram. In the enlargement 
at the end of each secondary tunnel one larva pupates. It 
emerges as a fully 





developed beetle the 
following spring, leav- 
ing the tree by a fresh 
tunnel which it makes 
through the bark. 


have no snout and the k' 

antennae are not 

bycidae). metallic ||S 

green Musk Beetle C 
(Aromia moschaia) is 
one of the Longicorns. 

It is an inch in length rr,, -r. , ^ . . v 

T 1 T . • 1 i. Fig. 218 . — The Bark BcotlQ {Tjylesi7ius fraxini.) 

and has long, straight- ' 

.-.-j-j 11 i.*«) Entrance to liorizontal tniinel made by tbe motlier 

SlClecl elytiaancl beautl- beetle ; V, vertical tunnel made by her oMspriiif; ; 

fill antennae as long as cell in which the larva pupates ; a’, a hole 

the body. It is found through which a young beetle has emerged ; c, 

on decaying willows, 

in the stem of which it lays its eggs. In captivity it seems 
much to relish a slice of apple, which it nibbles, and also it 
drinks water eagerly. It has a pleasant scent of musk or 
sweet-brier. 

Strangelia armata is the little beetle often found on flowers ; 
its body is about inch long and is all black, but it has 
yellow elytra with black markings on them. The specific 
name refers to the little spines, one on each side of the 
thorax. 
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These beetles differ from the Longicorns in their 
melidae" shorter antennae, the bases of which are not 

surrounded by the eyes. They feed usually on 
leaves. The Lily Beetle {Crioceris merdigera) eats lily leaves, 
and the little coral-red mother lays her eggs in the central 
developing shoot of the plant. The larvae feed on the. young 
leaves, forming a case round themselves of their own excre- 
ments — a strange protection ! 

The Asparagus Beetle [G. asgmragi) sometimes does great 
damage in asjDaragus beds. 

The genus Donacia consists of little gold, blue or green 
beetles that live in the air, but can enter the water to lay 
their eggs on water-plants, often on Vvater-lilies. The beetles 
vary from -J- to ^ inch long ; the larvae make burrows in the 
roots of the water-plants, tapping the air-vessels of the plant 
in order to obtain air for their own respiration.^ 


General Classification of Beetles mentioned in Cha2?ter XVIII, 

Order. Coleoptera. 

Sub-order 1. — Adephaga. (The “ Gluttons.”) Predatory 

beetles with thread-like antennae, larvae 
active and predatory. 

Family 1. Dytiscidae. The Carnivorous Water Beetles. 

Dyticus: Acilius, Ilyphydrus. llybius. 
Family 2. Pelobiidae. The Screech Beetles. 

Family 3. Gicindelidae. The Tiger Beetles. 

Family 4. Garabidae. The Ground Beetles. 

Cared) us, Pterostichus, Brachinus. 

Sub-order 2. — Clavicornia. Antennae usually thicker at the 
tip, though the thickening may be slight. 
Family 1. Cbccinellidae. Ladybirds. 

Family 2. Staphylinidae. Cock-tail or Rove Beetles. 
Ocypus. Lomechusa, 

Family 3. Silphidae. Burying and Carrion Beetles. 
Necrophorus, Silphct. 

Family 4. Hydrophilidae. Silver Water Beetles. 

Family 5. Gyrinidae. Whirligig Beetles. 

Sub-order 3. Serricornia. Antennae usually serrate — not a 
very coherent sub-order. 

Family 1. Elateridae. Click Beetles. 

^ Camh. Nat. Hist., Insects, Part II. p. 280. 
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Family 2. Lampyrides. Glow-worm Beetles. 

Family 3. Ptinides. Furniture Beetles. : 

Anohium, ' , 

Sub-order 4. — Lamellicornia. The antennae have their last 
joints enlarged to form horizontal, leaf-like 
jDarts. 

Family 1. Scarabaeidae. Cockchafers, etc. 

Mdolontlia. GeotriLiJcs. 

Family 2. Lucanidae. Stag Beetles. 

Sub-order 5. — Rliynchophora (The Snout Beetles). The head 
is prolonged in front to form a beak or 
“ snout.” 

Family 1. Curculionidae. Weevils. 

Antlionomus. Ixhynckitca. 

Family 2. Scolytidae. The Bark Beetles. 

Hylesinus. 

Sub-order 6. — Pliytophaga. The plant-eating beetles with no 
snouts. 

Family 1. Cerambycidae (Longi corns). 

Aromia (Musk Beetle). . Strcmgclia. 

Family 2. Chrysomelidae. 

Crioceris, Donacia. 


Practical Notes 

1. Get male and female specimens of Dyticus marginalis and 
keep them alone in a fairly large fresh-water tank with plenty of 
water-weed. Feed on ‘‘gentles.” In the spring, be on the look-out 
for egg-laying, and if this is detected, remove the eggs, with the 
water-plant in which they are inserted, to a smaller tank and 
watch their development. If eggs cannot be obtained, larvae 
should be caught from the ponds and their devel'ojDiuent watched. 
Great care must be taken to give the full-grown larva a suitable 
earth bank rising above the water, in which it can pupate. 

2. Keep the Silver Water Beetle in the same way. This beetle 
feeds almost entirely on water-weeds, and can be kept, therefore, 
in a tank with other creatures, though in the spring it is well to 
keep one tank for these beetles alone, so that the formation of 
the egg-cocoon in May may be seen, 

3. Collect from the ponds any other water beetles or beetle 
larvae obtainable. Keep them carefully apart, and identify them 
speedily, so that their ways may be ascertained and suitable food 
given them. Their life-liistories may then be worked out. 
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4. Search. any plant which is infested with Green-fly for Lady- 
bird eggs, larvae, pupae, or full-grown beetles. Isolate one larva on 
a twig covered with Green-fly, and determine at Avhat rate the 
larva devours them. Work out the life-history in detail, making 
careful illustrations of each stage. 

5. Study any other live Land Beetles that are available, keeping 
careful records of your observations, even Avhen incomplete. It 
may be possible to complete them at a later date. Specimens may 
be identified by reference to such a standard Avork as British 
Goleoi^tera^ by W. W. FoAvler (noAV out of print), or Handhooh of 
Goleoptera of Great Britain and Ireland^ by H. E. Cox (published by 
Janson & Sons, Great Bussell Street, 21s.). 

British Beetles^ by E. C. Bye and W. W. EoAvler (Beeve & Co., 
1890), and Gommon British Beetles, by C. A. Hall (Black, 1914), are 
useful, smaller books, Avith coloured plates. 

6. Bead the account of hoAV to rear Dor Beetles given by Miss 
Hibbert Ware in School Nature Study for October 1921 (published 
by G. Philip & Son). 

7. Bead Fabre’s account of Burying Beetles and the GloAv-Avorm 
in his Wonders of Instinct, and repeat some of his experiments. 

8 .. Bead also Fabre’s account of the Sacred Scarab given in 
Insect Life (Macmillan, price 9d.). 

9. Bead the chapters on Beetles in Insect Biographies, by J. J. 
Ward. 

10. Make a “subterrarium,” as described in AjDpendix D, in 
Avhich to rear beetles and other underground creatures. 
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INSECTA {continued) 

Order : Orthoptera (Cockroaches, G-rasshoppers, 
AND Earwigs 

General The Orthoptera, or “ straight- winged ’’ insects, like 
Character- all the insect orders, are distinguished by special 

istics. wing characteristics. They have two pairs of 
wings ] the first pair is usuall}?- somewhat harder and stronger 
than the second, and is laid fiat over the back, forming a case 
over the other wings, which are membranous and used in flying. 
The front wings, therefore, recall those of Coleoptera, but 
the back wings are different and are specially characteristic ; 
each is elaborately folded, the jiarts closing on one another 
like the segments of a fan ; this folding in straight segments 
has given the name Orthoptera ^ to the order. Occasionally, 
however, where the back wings are relatively very large, they 
may have one or two transverse folds as well. In many 
species the wings are rudimentary or absent. The Orthoptera 
also differ from the Coleoptera, or true beetles, in the gradual 
metamorphosis of the larva into the adult form — there being 
no quiescent pupal stage as there is in true beetles. The mouth- 
parts are adapted for biting ; there is a pair of hard mandibles, 
and both on the soft jaws (maxillae) and on the labium 
(Fig. 220) are conspicuous soft palps. The last segment of 
the abdomen usually bears a pair of many- jointed, antenna- 
like processes called cerci^ which are replaced in adult earwigs 
by the unjointed 

^ Earwigs are classified as a separate order, Dermaptera, by Prof. G. H. 
Carpenter (see Insect Transformation), but this change is not adoijted here. 

- Greek, orthos^ straight ; pteron, a wing. 
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Sub-order 1 : Cursoria (The Eunning Orthoptera). 

Family 1 : Blattidae 
Type : The Cockroach {Blatta Orientalis). 

The almost universal antipathy felt towards the so-called 
“ black-beetle which is, however, neither black nor a beetle 
— is due to the fact that it often becomes a pest in old houses ; 
yet, if we overcome this first natural rejDUgnance, there is 
much to admire in the various adaptations of its body 
structure, even if we cannot get so far as the writer in the 
Cambridge Nakiral History ^ who speaks of it as a ‘‘rather 
amusing pet ” ! 

The form most usually to be seen scurrvine^ 

Din6rGiic6S ^ ^ 

in Male Over the floor to escape our onslaught is the female 

Female, and cockroach, which has small rudimentary wing-covers 
Larva. membranous 'wings at all, but a relatively 

7^ Mile. 



Fig. 219. — The Common Cockroach. 


large body (Fig. 219). The male is shorter and has a well- 
developed second pair of membranous wings lying below the 
upper pair of stiller wing-cases, and he is able to fly, though 
rarely seen in the act. The young larva has no trace of 
wings, and it is said that four years elapse before it becomes 
fully developed. Immature Cockroaches are always paler in 
colour than the adults. 
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In all stages tbe flattened form of the body is 
I'loticcable, and also the curious position of the 
head, which is turned downwards (see Fig. 219), 
so that very little of it can be seen when viewed from above. 
The head bears a pair of long, very flexible, man}^- jointed 
antennae, a pair of compound eyes, and a mouth surrounded 
b}^ appendages, as shown in Fig. 220. The insect cleans 
its antennae by dragging them between its jaws. 

The thorax has the usual three segments, but the first of 
these has a more independent motion than is general in 
insects, owing to the specially free articulation between it 
and the second segment. 



mnd, Mandibles (a h has been removed from a' V) ; mx, maxilla ; mxds, maxillary 
lobes; rax.palp, maxillary, palp ; m, mentum bearing labial palp, L}\ and the 
labium, Lh. Tlie central lobe of the labium, the lingnat can be faintly seen. 


The jointed legs, borne ventrally on the thorax, are long 
and strong. Tile third and fourth joints (femur and tibia) 
are beset with stiff bristles, with which the body is • brushed 
and kept clean. 

The foot or tarsus is five- jointed, eacli joint having a 
velvety pad beneath it ; the last also bears two claws, and 
between these is a special pad which may act like that on 
a fly’s foot (p. 369), enabling the insect to run up smooth, 
vertical walls. 

The abdomen is large, broad, and clearly segmented, but, 
owing to the varying degree to which, at difierent ages 
and in different sexes, some of these segments are retracted 
within others, the number to be seen in a casual external 
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examination varies in difterent S2)ecimens. It is said that ten 
segments actually exist. 

From the sides of the last^ segment j)roject little tactile 
23rocesses knovni as the “ cerci anales/’' and in the adult males, 
and the young larvae of both sexes, this segment bears as 
well two small, slender “styles^’ which can be just distinguished 
projecting from the end of the body in the male shown in 
Fio;. 219. The use of these is not clear. 

Spiracles, for the passing in and out of air in respiration, 
are 2 ^i’esent laterally on some segments of both thorax and 
abdomen, the interchange being effected by the externally 
visible contractions and ex23ansions of the latter. 

„ , Hiding all day in narrow cracks and crevices, 

into which its flat body can all , too easily sli23, it 
is at night that cockroaches come out in their hordes to 
feed on whatever animal or vegetable matter they can find, 
apparently eating little but tasting much. 

They dislike the cold, and at the approach of winter most 
of them disa 2 Dpear, though in a warm kitchen many may 
remain active all the year round. Few other animals seem 
to like them for food, probably because of the evil-smelling 
fluid given out by a 23air of glands on the upper side of the 
abdomen. The hedgehog, howevex^ is not dainty, and will 
devour them in great quantities, and hence it is often 
introduced into a house when the insects have become a pest. 
Eats, cats, and frogs also occasionally eat them. Powdered 
borax sprinkled freely about their haunts will sometimes 
exterminate them. 

Cockroaches bi^eed in the summer months. The eggs are 
laid, sixteen at a time, enclosed in a little, reddish-brown, 
horny capsule (Fig. 219). This is formed within the body, 
and female cocki'oaches are often seen running about with 
it protruding slightly from the end of the bod}^ It is finally 
deposited in some dai’k, sheltered crevice. The eggs lie in 
two rows within the capsule, and the young, when ready, 
2 msh their way out at the straight, longitudinal ridge which 
runs along the top of it. They are very small and at first 
pale-coloured, but they rapidly daidcen, and when they are 
a year old, wing rudiments a23pear. 

- In Fig. 219, the shading of the last segment makes it appear as if it 
were itself segmented, but this is not so. 
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Family 2 : Forficulidae 

Type : The Commoii Earwig {F or ficula auricular ia). 

Earwigs are common garden insects with a bad reputation, 
ill spite of which they live on the whole very blameless lives, 
feeding chiefly on decaying vegetable matter, though they do 
also, to some extent, nibble the petals of a few dowers and 
jierhaps some fruits, in attempting to get the sweet juices of 
which they are fond. Their reputation is further blackened 
owing to a superstition, for which no foundation of fact is 
forthcoming, that they are given to entering the ears of 



■'•} Fig. 221. — The Common Earwig (iiitale) x 3. 

I B, With wings closed ; t, tcgmen or wing-covcr ; in, part of the second wing projecting 

. . beyond the tegmen ; A, with wings widespread, showing the diflerent parts of 

^ the second pair of wings. 

' wdien asleep, and damaging the drum. Eo one as 

I yet seems to have discovered the source of this superstition, 

I which is found in many countries. It is suggested that 

' the association of this insect wdtli an ear is due to the 

form of the expanded wing, ivhich is said to recall that of 
a human ear ; but the wing is so rarely seen expanded, that 
; this connection does not seem a very probable explanation 

of the name. 

Earwigs are much smaller than cockroaches, 
but they have a relatively longer, though narroiver, 
body, and are alwaj^-s easily recognised by the 
curious pair of nippers or “ forceps ” present at the end of 
the body ; these are longer and more sharply curved in the 
male than in the female, where they are straight until near 




304 


INTRODUCTION TO ZOOLOGY 


CHAP. 


the tips. These may perhaps correspond to the “ cerci 
anales ” of cockroaches, which however are jointed — in ear- 
wigs these forceps are unjoin ted except in some cases where 
a segmentation occurs in the young before the first moult, but 
is lost afterwards.^ 

The head bears long antennae and large compound- eyes, 
but no simple eyes, and the first segment is freely movable 
independently of the rest of the thorax — in all these three 
points the earwig resembles the cockroach. The head is, 
however, carried forward, instead of being bent down as in 
Bkttidae. The thorao. in the adult bears two pairs of wings, 
the hind wings being folded in a very complex way, so that 
they are covered when at rest by the front wing-covers 
(tegmina), except for two hard pieces which alwaj^s project 
beyond them (Fig. 221, m). These two projecting pieces are 
not the tips of the second pair of wings, but merely the ends 
of tlie harder portions of these vdngs. The membranous part 
of each, which projects beyond the shaded portions in Fig. 
221, are usually folded like a fan and 'then turned back 
under the harder piece, m. Transverse folding is also neces- 
sary to some extent, in order to get these large membranous 
wings packed securely away. In spite of these well-developed 
wings, flight seems very rare, and probably never occurs in 
the lives of many individuals. It is a strange fact that the 
vdngs should be so highly developed and yet should be never 
or rarely used. 

Habits Loving darkness, earwigs hide during the day 
in the spurs of flowers or any dark corner, and 
come out at dusk to feed. Their food is mixed, both 
vegetable and animal, so that, if they do harm by nibbling 
flower petals, they also do good by devouring harmful grubs. 
As has been already said, they seldom fly, but occasionally 
they are found after the night, stuck to some freshly tarred 
paling, with wings still expanded, proving that flight does, 
at any rate occasionally, occur. After flight, the packing 
away of the back wings under the wing-covers or ‘Hegmina^’ 
is said to be aided by the action of the pincers at the end of 
the bod}^, which are put into an effective position by the 
upward curving of the very flexible abdomen. 

Eggs are laid by the female usually in the early spring. 

^ G. H. Carpenter, Insect Transformation. 
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They are deposited in a little hole in the ground, or a rotten 
tree-stump, and the mother watches over them day and night, 
and over the young larvae when first they appear. Though 
the females, unlike the males, can live through the winter, 
they die in the spring. 

The young larvae are very like the adults, except for 
their almost white coloui', the absence of wings, and the 
smaller number of joints to the antennae; gradually they 
attain the adult form, a distinct advance being manifest after 
each moult. 

The families Mantidae (Praying Insects) and 

:^rms JPhasmidae (Leaf and Stick Insects) also belong to 
the Cursorial or Punning Orthoptera. Of all 
families of insects these show the most wonderful protective 
coloration and mimicry of objects in their environment, 
and they form a fascinating study, though, as none of them 
are British, they must be passed over here with only a very 
few words. 

The Stick Insect {Carausms {Dixi^p^ms) 7ncn'osus)j 
*^Insect°^ though not British, is very frequently to he 
obtained here, and is an interesting object for 
study, and easy to keep, since it merely wants a few leaves of 
privet on which to feed. The emergence of the fragile thread 
of a creature from the little egg, its development into the 
wingless adult with its brown, stick-like body, the rhythmical 
swaying of its body from side to side when at peace with 
the world, its alternation between death-like passivity, with 
all its legs stretched out in a line with its body, and surprising- 
activity, with legs outstretched on either side, its varying 
protective coloration, the alleged parthenogenesis of the eggs 
— all these things make it an interesting pet to keep. 

Sub-order 2 : Saltatoria (The Jumping Orthoptera). 

Besides those Orthoptera which progress over the ground 
by running, like the Earwig and Cockroach (Cursorial forms), 
there is a large number specially modified for jumping 
(Saltatorial forms). To this sub-order belong Grasshoppers, 
Locusts, and Crickets. 

In all these forms the body is laterally compressed, and 
the hind legs are exceptionally strongly developed, since it is 









306 


INTRODUCTION TO ZOOLOGY 


CHAP. 


hy means of them that the insects leap over the ground ; also, 
most of them “chirp,” producing the sound with a special 
musical instrument formed by the wing-covers and the third 
joints of the hind legs (see below). 


Family 1 ; Agridiidae (The Common or Short-horned 
Grasshoppers) 

The small Grasshoppers common amongst our grass 
during the summer, which are so frequently to be heard 
and seen, but are so very difficult to catch because of their 
extreme agility, belong probably to one of the only three 
common British genera of short-horned Grasshoppers. 

Genus Stenobothrus has delicate, tapering antennae. 

„ GovijyJiocerus has club-shaped antennae. 

,, 'Tettix is peculiar because of the extension of the 
first thoracic segment backward over the 
abdomen. It is common amongst dead leaves. 
All three genera are vegetable feeders only, and the female 
lays her eggs in a little hole which she excavates in the soil. 

The musical organ with which the grasshojDper chirps 
consists of a row of little bead-like projections on that side 
of the femur next the body ; with these the grasshopper rubs 
a prominent ridge on the outer edge of the upper wing, thus 
throwing the wing into vibration and causing a musical note. 
Only the males have this organ well developed, but it is 
present in the females in a rudimentary condition. It is 
known usually as the organ of “ stridulation.” 

An auditory organ, by which it is probable these sounds 
are received, is present in the first segment of the abdomen, 
lying just above the union of the hind leg and the thorax. 
It consists of a little membrane or drum, surrounded more or 
less by a definite rim or overhanging flap of the thoracic 
wall, and supplied with a nerve, nerve-ganglion, and muscles, 
as well as with special tracheae. These “ ears ” are present 
in both male and female, and are found even in many 
species that do not produce any sound audible to the human 
ear — but possibly grasshoppers are sensitive to sounds 
which do not affect us. 

The term Locust is one applied popularly to aii}^ kind of 
grasshopper which occasionally multiplies with great ra 2 )idity. 
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so that their offspring necessarily migrate in large niimloers 
to new pastures for food. Such locust swarms do not noAv 
occur in Britain, but in some countries they are still a very 
serious scourge, devouring as they migrate all the A^egetation 
over AAdiich they pass. 

Family 2 : Locustidae (The Long-horned Grasshoppers) 

The Locustidae differ from the ordinaiy grasshoppers in 
haAung long, delicate antennae and a foiir-jointed instead of 



Fig. 222 . — Lomsta viridissimaj the Green Grasshopper. 

(Life size.) 

a three -jointed tarsus, also in the “ chirp being pro- 
duced merely by rubbing together the roughened edges of 
the Aving-covers. The auditory organs are here placed on 
the fourth joint of the first pair of legs, and are present in 
both sexes. 

None of this family go for the long flights characteristic of 
the so-called “ locusts of the Common Grasshopper tribe. 

The Green Grasshopper {Locusta viridissima) is fairly 
common in Britain, but is rarely seen, as it is active chiefly 
at night, AA^hen it chirps loudly, on a shrill, not unpleasant, 
note, sometimes for a quarter of an hour Avithout stopping. 
It is an insect-eater, deAmuring cockchafers or crickets Avith 
aAudity ; but it also likes an occasional sip of fruit juice. 

The North American Katydids belong to this family. 

Family 3 : Gryllidae (Crickets) 

Crickets resemble, in most of their characteristics, the 
Long -horned Grasshoppers, though their tarsi are usually 
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three-joirited only. They clilTer also in the Avay in which 
the tegmina lie flat, with the outer margin bent over the side 
of the body. 

The House Cricket, or Cricket on the Hearth ’’ (Ghyllus 
domesticus), which used to be fairly common, has now become 
much rarer. 

The Mole Cricket {Gryllotaljoa vulgaris) is also rare in 
England, though common in South Europe. It is of special 
interest because of its adaptation to an underground life, 
living; in burrows which it excavates for itself with its much- 
modified front legs. 

Classijicaiion of the Orthojgiera mentioned in Chaggter XIX, 

Sub-order 1. — Cursoria. Those which rnn along the ground, the 
hind legs being very similar to the others. 

Family 1. Blattidae. Cockroaches [Blatta). 

,, 2. Forficiilidae. Earwigs {Forficida)} 

„ 3. Mantidae. Praying Insects {Mantis). 

„ V 4. Phasmidae. Leaf Insect (Phylliim). 

Stick Insect (Garaicsius). 

Sub-order 2. — Saltatoria. Those in which the hind legs are much 
bigger and stronger than the others, being 
adapted for leaping. 

Family 1. Acridiidae. Common Short -horned Grass- 
hoppers (Stenobothrus, Gomjdiocerus, I'ettix). 

„ 2. Locustidae, The Long-horned Grasshopj^ers. 

„ 3. Gryllidae. House Crickets (Grylhis). 

Mole Crickets {GryllotaliKi). 

Practical Notes 

1. The Cockroach is the insect most generally used, in a practical 
zoology course, as an introduction to the typical structure, both 
external and internal, of an insect, and full directions for its dis- 
section are given in almost any practical zoology book. Here, 
therefore, it is sufficient to suggest that living specimens be captured, 
and their external form and habits studied, the ]ooinfs men- 
tioned in the previous chapter being carefully verified. To kill 
a cockroach for more detailed study, drop it into boiling water ; this 
causes death instantaneously. The mouth-parts and segments of 
the body can then be examined, and the s^hracles down each side 

^ See footnote, p. 299. 
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of the body detected. There are ten jDairs of these altogether, the 
largest being those on the second and third thoracic segments. 

2. Earwigs^ GTass}ioj)pers^ etc., should be looked for out-of-doors 
and their habits studied. If kept in captivity care must be taken 
to keej) their home damp. For suitable sub-terraria see Appendices 
D and E. 

3. A visit may be made to a museum where there is an 
exhibit of Leaf and Btich Insects^ and their curious adaptations 
noted. These observations should be used in a more general study 
of “Protective Coloration 'and Mimicry in Insects.” 

4. Bead one or more of the following books : Animal Coloration, 
by F. E. Beddard ; TJie Colours of Animals, by E. B. Poulton ; 
Concealing Coloration in the Animal Kingdom, by G. H. Thayer. 


CI-IAPTEE XX 


IXSEOTA {continued) 

Order: Ehyncota or Hemiptera (Bugs, etc.) 

The A^arious species of bugs form an order of Insects to which 
two separate names have been applied, each of Avhich has 

reference to a different 
special characteristic found 
in its members. 

The name Bhyncota 
[rhynchos, a beak or snout) 
refers to the peculiar ros- 
trum or beak which, Avhen 
not in use, is bent under 
the body, and therefore can- 
not be seen except from 
beloAV or in a side-vicAV, as 
in Fig. 223. This beak in 
some forms is half as long as the bod3^ It is a sheathing 
structure formed from the upper and loAver lips (labrum and 
labium), and it encloses four bristle-like lancets, tAvo of AAdiich 
are, hoAvever, frequently fused together. These lancets 
probably corresj)ond to the fused maxillae and the mandibles 
of other insects. 

The name Hemiyiera half ; pteron^ a Aving) refers to 

a characteristic of the first of the tAvo j^airs of AAungs, the 
outer hahms of the two front Avings being membranous, Avhilst 
the basal halves are firmer and form Aving-covers, resembling 
those of beetles. This characteristic is not, howcAmr, constant 
throughout the order ; it is, moreover, conveniently taken as 
the basis of a subdivision of the order, and hence the name 
Ehyncota seems a better one for the entire group. 

310 





Fig. 223. — The Pond Skater [Gerris)^ 
on tlie Surface of the Water. 

1 ), Rostrum or beak. 
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In all members of this order the metamorphosis is gradual. 
The larva has a proboscis like that of the adult, but is wing- 
less. There is no quiescent pupa, the wings developing 
gradually. 

„ ^ ^ The order is subdivided according to the 

Suu-oruGrs ^ 

structure of the wings. The larger Water-bugs 
are the best known of the sub-order I-Ietero])terci ; in them the 
basal portions of the fore-wings are horny, and the tips of 
these wings, as well as the whole of the second pair, are 
membranous. The wings fold flat on the back when at rest. 
The beak or “ rostrum ” is attached well forward. 

The second sub-order, the Iloinoptem, consists of forms in 
Avhieh the two pairs of wings are alike and both membranous, 
and are held vertical or inclined when at rest ; the rostrum 
is placed on a level with the bases of the fore-legs. This 
sub-order includes the well-known garden pests, the Green-fly 
{Aphis)^ and also the interesting Bark-lice {Chermes), 

Sub-order 1 : Heteroptera or Water-bugs. 

Scries A, Aquatic forms living wider water, and with the 
antennae hidden on the wider side of the head. 

Type : The Water Scorpion [Nepa cinerea). 

The Water Scorpion is a form nearly always to be found 
in any shallow piece of stagnant water. It is easily recog- 
nised by its curious, flattened, dark-brownish body, which 
looks rather like a fragment of a decaying leaf, and is often 
difficult to detect, whether it is resting on the water surface 
amongst the floating vegetation, or lying in wait for its prey 
on the dark mud bottom of a pond. The difficulty of seeing 
it is further increased by its extreme immobility — it rarely 
moves, and then but slowly. The wings are pressed fiat on 
the body, and are seldom used (Fig. 224). 

Food catch its food, which consists of small insect 

larvae or of tadpoles, it uses its front pair of legs, 
which project forward so that the last joints are brought to 
the level of the mouth, where they spread out on either side. 
These last joints are peculiar, for the sharply pointed and 
sharp-edged tarsus can be closed into the deep groove of the 
preceding joint, like the blade of a clasp-knife into its handle ; 
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these “knives” can be swiftly whisked open, and the pre}^ 
caught Avith them and held, AAdiilst the sharply pointed, short 
beak is rapidly put into action to suck up all the nutritive 
juices of the victim. 

. . At the end of the body are ttvo grooved, hair-like 

espiration. o-enerally held together so that they look 

like one (Fig. 224, A). 

• The tube thus formed 

is at times pushed up- 
Avards through the sur- 
face film of the AAUiter 
into the air above, 
and through it air is 
diuAvn doAvn into the 
two spiracles situated 
at the tip of the abdo- 
men, OAving, however, 
to its sluggish life, Nejm 
only occasionally needs 
to come to the surface 
for a fresh supply of air. 

Eggs are 

water dur- 
ing the summer ; each 
is a small white oval 
body AAuth seven little 
hairs projecting at one 
end. In the oviduct 
these eggs are in strings, 
each circle of hairs form- 
ing a cup into AA^hich 
the next egg fits ; as 
each egg is discharged, 
hoAvever, the hairs be- 
come recurved;^ a 
single egg may be found adhering to a submerged Avater-Aveed 
(Fig. 224, D). The function of the hairs may possibly be 
to retain a supply of air for the developing egg.^ 

^ See The Olassification of Insects, by J. 0. Westward (1840). 

- Cambridge Natural History, \o\, vi. p. 564. 



Fig. 224. — Tlie Water Scorpion. 

{Nejpa cinerca.) (Natural size.) 

A, Full-grown insect swimming ; 0, another AVcaiting 
for its prey; 1>, a larva breathing at the sur- 
face ; D, a single egg resting on a leaf. 
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The Larva larva is very like the adult, though with a 

rather thicker body, and with only a short process 
at the end of the abdomen instead of the delicate, long 
respiratory tube of the adult (Fig. 224, J?). The wing rudi- 
ments appear at first as little thickenings on both sides of 
the thorax, but they increase in size and definiteness at each 
moult. 

The Water Stick Insect {Ranatrci). 

Closely allied to the Water Scorpion is the Water Stick 
Insect or Stick Scorpion (Banaira linearis). It is found in 
ponds in the south of England, though it is somewhat rare. 





Fig. 225. — The Water Stick Insect {Rancdra UncaHs). 

A, Eggs, e, inserted through a leaf ; B, adult insect ; r, respiratory tube. 

(Natural size.) 

Its body is long, narrow, and cylindrical, and looks like a tiny 
dry stick. It has the same adaptation of the front legs for 
catching its prey as the Water Scorpion, and the same respir- 
atory tube at the end of the body. It is a more active 
hunter than Ne]ya, and it more frequently leaves the' water 
and takes to flight. 

The eggs of this insect are laid separately, inserted usually 
in the floating stems or leaves of water plants ; each egg 
has two projecting hairs (Fig. 225). 


The Water Boatman (Notonccta). 

The onl}^ British Water Boatman {Notoneda glauca) is 
to be found in most ponds, and is a very dangerous enemy 
to many of the other inhabitants. These “Boatmen” are 
well known from their habit of svdmming on their backs, 
rowing themselves swiftly, along by the Augorous strokes of 
their poAverful hind legs. The last segments of these legs 
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aro fringed -with stiff hairs (Fig. 226 ), which are depressed 
at the end of each stroke. The body is long and narrow, the 
A^entral surface hat, and the back strongly keeled, giving it 
a superficial resemblance to a boat, though the body is blunt 
in front and pointed behind. The colour is a pretty bluish- 
gre}^ Avith some black on the back. The first segment of the 
thorax is vcr}'^ highly polished, and the glossy triangular plate 
of the second segment (the ‘‘scutellum^^) is also large and con- 
spicuous, as is usually the case in E/hyncota. The wings are 



Fig. 226. — The AVater Boatman [Notonecta glauca), 

A, Larva swimming ; back view of an adult iVoiojzccfa ; C, ventral view. (xl3.) 


well developed, and the insect often flies in the evening with 
a strong, swift motion and a humming sound. When at 
rest, the horny base of the fore wing coA^ers its membranous 
portion and also the Amry delicate second pair of AAungs. The 
under surface of the body, i.e. the side Avhich floats upper- 
most, is covered Avith small hairs, and glistens like silver in the 
Avater OAving to the air Avhich is entangled amongst the hairs. 
This film of air keeps the body, even Avhen submerged in the 
Avater, completely drj^, and also makes it buoyant, so that, 
ANdien at rest, it floats to the surface A^tli the tail projecting, 
and opens up fresh communication Avith the atmosphere. 
The air-film oA^er the body and beloAv the Avings is thus 
renewed, and fresh air is taken in by the spiracles, Avhich lie 
just beloAV the outer horny edge of each front Aving. In 
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order to remain below the water without moving, the insect 
holds on to the weeds by the short first pair of legs, and the 
hind legs lie stretched out at full length on each side. It is 
a swift swimmer, and will catch animals larger than itself, 
diving underneath its victim and catching hold of it with its 
front legs, and then burying its powerful beak in the flesh 
and sucking from it all its juices. The eggs are laid singly 
in the tissues of water- weeds. The larvae (Fig. 226, A) are 
in shape and habits much like the adults, but are of a pale- 
green colour with red eyes ; also they have at first no wings, 
though these develop gradually. 

Corixa. 

The closely allied, but much 
uses its back legs in swimming, 
much as Notonecta does, but 
swims with its back uppermost ; 
also the back is flat instead of 
being strongly keeled, and the 
“scutellum” is not distinct as it 
is in the Boatman.’^ The body, 
which is about half an inch long, 
is heavier than the water, and 
therefore Corixa has to swim to 
the surface to breathe, instead of 
merely floating up. At the sur- 
face, the thorax projects out of the 
water, and air is taken in directly 
by the thoracic spiracles, a new 
air-film forming round the neck. 

The commonest species is 
Corixa geoffroyi, which is dark 
brown in colour, and spotted 
with yellow on the thorax and 
upper wings. The eggs are fixed 
to submerged objects, and the 
larvae are similar to the adults except for their lack of wings. 
Corixa, like Notonecta and Ne;pa, spends the winter buried in 
the mud at the bottom of the water, but a warm day will 
always entice it out for a swim and a feed. 


smaller, Corixa (Fig. 227) 



Fig. 227. — Corixa gcoffroyi. 

Tlie adult insect above and the larva 
below. (Natural size shown by 
the lines to the right.) 
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All the four genera of Heteroptera so far mentioned have 
been alike in living a submerged life, and in having small 
and concealed antennae. Those now to be described {Hydro- 
metra, GerriSj and Delia) all have long and conspicuous 
antennae, and they live on the surface of the water, running 
or jumping actively over the surface film, though occasional!}^ 
penetrating it to dive below. 

Series B. Forms living on the surface of the water and having 
conspicuoitSy long antennae ; also all the terrestrial ILeieroyyiera} 



The Pond-skater {G err is). 

The little narrow-bodied, long-legged Pond-skaters are 
ver}^ numerous on the water surface, over which they slide, 
or sometimes progress in a series of 
leaps. Occasionally they dive below 
the surface, when the hairy body 
is seen to have a silvery air-film 
covering it. The four- jointed an- 
tennae are so long as to look almost 
like an extra pair of legs. The 
first pair of legs are held forwards 
and used for prehension. By the 
lengthening of the first segment of 
the thorax, this pair is widely 
separated from the second pair, 
which is that chiefly used in loco- 
motion, the hind pair serving to 
guide the movements. As in all 
water-bugs, this genus has a long 
beak with which the food is pierced 
and its juices • extracted (see Fig. 
223). It feeds very largely on dead 
and dying insects that fall on to 
the surface of the water. 

The adult insects are not all 
alike. Some have only short 'wings, and are incapable of 
flight, whilst othei’s have well-developed upper horny Avings 
and lower membranous ones Avith Avhich they can fly. 

^ For an account of the most notorious of tliese, the Bed-bug [Clmex), see 
British I^Iuseum Economic PamjpMet, No. 5, price 2d, 



Fig. 22S. — The Pond-skater 
{G err is). 

Larva above, adult below— winged 
variety. (Real length shown 
by the lines to the left.) 
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The eggs are laid in a small mass of mucilage on some 
submerged water-plant, and the larvae are often to be found 
submerged, though as a rule they skate on the surface with 
their parents. 


The Water Cricket (J^elia currens). 

The Water Cricket is very similar to the Pond-skater in 
appearance and habits, but the first and second pairs of legs 
are not separated by such a 
wide interval, the thorax being 
relatively shorter. Further, 
it very rarely develops wings 
at all, and the body is marked 
by two orange stripes down 
the back. 

Water Crickets are all very 
active and good climbers, 
hence if they are kept in an Fig. 229.— The Water Cricket 
aquarium it must be covered. ( currens). 

Though living mainly on the (Real length shown by the line on the left.) 

surface, they enter the water much more readily than Gerris. 

The Water Cnat 
{Hydrometm stagnorum). 

The Water Gnat, or 
Water Measurer, is peculiar 
because of the great elonga- 
tion of the head, and the 
very narrow, dark-coloured, 
stick-like body and long, very 
slender legs ; it is about half 
an inch long and half a line 
broad. Wings are never 
developed, and the insect 
lives a quiet life walking 
about on the water surface or 
on the grasses by the water- 
side. It never enters the 
water. 

Y 



Fig. 230. — The Water Gnat 
{Ilydrometra stagnorum). 

Side view. B, Dorsal view, (x2.) 



318 


INTRODUCTION TO ZOOLOGY 


CHAP. 


Sub-order 2 : Homoptera (G-reen-fly, Bark-lice, etc.). 

In all this division of the Ehyncota, the consistency of the 
front vdngs is the same throughout, and, in many, all four 
wings are membranous and transparent. They cover the 
body in a roof-like manner, the two pairs sloping upwards 
towards each other, so that their inner margins touch along a 
median longitudinal line. The front of the head is bent over 
so that it faces downwards and backwards. 

In the Scale Insect and Cicada there is a resting larval 
stage in which the wing rudiments grow out beneath the 
loosened larval skin, a stage which prefigures the true pupal 
stage of higher insects. 


Family 1 : Aphidae 
Type : G-reen-fiy {Aphis). 

These insects are only too well known superficially, and 
the name “ Green-fly brings up a mental picture of clusters 

of the minute, wingless, soft, 
green creatures, on our rose- 
buds or daisy heads, covering 
the under surface of sycamore 
leaves, or infesting many an- 
other plant, feeding on the 
juices of young shoots and 
leaves, and doing an enormous 
amount of damage. 

There are many different 
kinds of Green-fly, varying in 
colour, size, and habits, but all having smooth, plump, segmented 
bodies, a head provided with two long, dark antennae, a 
pair of compound eyes, and mouth-parts as in the Heteroptera, 
but here the sucking-tube, when not in use, is pressed against 
the under side of the thorax. The thorax has three pairs of 
long, thin legs, but in the majority of cases is wingless ; in the 
autumn, however, many winged forms appear. The abdomen 
in many species bears on the fifth abdominal segment a pair 
of short tubes which project upwards and secrete an oily 
juice, often to be seen as a shining drop at the end of each 
tube. This substance used to be looked upon a-s the honey- 



(Wingless form.) 
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dew” which is eaten by ants ; it is, however, waxy in natux^e 
and not sweet, and the I’eal “honey-dew” is a seci^etion 
which is given out copiously from the end of the alimentary 
canal, often making sticky the whole leaf inhabited by the 
Aphides^ or even falling in little drops to the ground below. 
This is often to be noticed on the pavements of a town below 
sycamore and lime trees which are infested with Green-fly. 

For the sake of this sweet juice. Aphides are visited and 
often protected by ants, different species of ants being 
associated with different species of Aphides. The black garden- 
ant seems to visit chiefly the Aphis of the i^ose-tree, or some 
other shoot-sucking green-fly, whilst the small yellow ant gets 
its honey-dew from certain subterranean root-sucking Aphides 
(see pp. 452-3). 

The juices of the plant are sucked up by the Aphis by 
means of a proboscis similar to that in all E-hyncota (p. 310), 
and this results in serious injury to the plant ; for though 
individually each Aphis is insignificant, they often occur in 
such numbers that they seriously menace the life of a plant. 

The rapidity with which they multiply is 
astounding. It has been calculated that a single 
Aphis would, if unchecked, in two or three years 
produce so many millions of descendants that, owing to their 
ravages, there would be left in the woidcl none of the plants 
on which they are accustomed to feed. They are, however, 
kept in check not only by such means as heavy rain, and 
sudden changes in the tempei^ature of the air, to which they 
are very sensitive, but also by the fact that many other 
insects feed on them. 

The method by which their unusually rapid multiplication 
is brought about is immediately obvious if we study the 
course of the life-histoiy of one Aphis from the egg stage. 

L*fe hist or which is laid on the plant in the 

1 - IS 0 y. hatches out in the spring as a wingless 

foi’m, which at once pushes its proboscis into the plant tissues 
and begins to feed, very soon giving forth from the end of 
its body minute, living Green-fly, at the rate of two or more 
a day. These young ones, in their turn, begin to rejxroduce 
in the same way in a veiy short time, warm dry weather 
favouring rapid production. All through the summer an 
enormous number of young is produced thus, partheng- 


320 


INTRODUCTION TO ZOOLOGY 


CHA?. 


genedcallv (\a, 'without anv fertilisation of an egg hating 
taken place). Most of these are tvingless like the parent 
form, but a small and varjring proportion of vringed partheno- 
genetic females is also produced. The production of these 
vringed inditiduals seems to be correlated with the amount of 
food supply. When this is running short, owing to the laree 
number of wingless inditiduals produced, then tringed forms 



The 


appear, which 
migrate to a fresh 
plant and there 
found a new 
colony. 

Young are pro- 
duced by these 
vnnged forms also 
parthenogeneti- 
cally, and they 
wings of any winged 
of 


closely resemble their parent. 

individuals grow gradually with the successive moult: 
the skim In some cases these winged individuals 
through their gradual development protected by 
delicate web of .silk threads 
stretched across part of the 
leaf. 

In the autumn, how- 
ever, there always appear 
normally sexual individuals. 

The females are always 
wingless, and usually smaller 
than the members of the 
previous summer broods. 

The raales are 
^nnged, though 
males do occur. 

The fertilised 
laid amongst the 
the buds of the 
which the A^Ms feeds, and 
these eggs are able to en- 
dure the cold of 'winter which kills the adult insects, 
hatch in the spring, and so start the race afresh. 


usually 

wingless 


eggs are 
scales of 
plant on 



Fig. 233. 

A dead Aphis that has been attacked by the 
hymenopterous parasite Praon^ one of the 
false Ichneurnon-flie.s ; o, disc woven of 
silk threads concealing the lan'a of Praon 
which has now left the body of the Aphis. 
Lower on the leaf a disc is shown in sur- 
face vievr. 


They 
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Sometimes in the autumn, under sycamore, lime, 
P^asiL leaves, the dead outer skin of a winged 

Aphis may be found fixed on to a light-brown 
disc formed of interwoven silken threads (see Fig. 233, h). 
Within this disc may be seen moving a little legless grub 
which seems to be the grub of a parasite (one of the Braconid 
Ichneumon-flies, called Praon) that has lived within the 
body of the Aphis for a time, and then eaten its way out, 
killing the Aphis, and protecting itself by the silk-woven disc. 
Among the other enemies of Aphides are the Ladybird 
(pp. 280-1), the Hover Fly grub (p. 37l), and the larva of the 
Lace^ving Fly (p. 356), each of which accounts for a prodigious 
number of G-reen-fly. The Blue-tit also is a good friend to 
the gardener in this respect. 

There are many kinds of Aphides inhabiting 
different plants. The Bean Aphis or Black Blight, 
the Plum Aphis, and the Pea Aphis are all very 
destructive, also the “ Woolly Aphis, the young of which live 
on the branches and on the roots of apple and pear trees, 
forming round themselves masses of a white woolly substance 
excreted by certain glands in their backs. The flies themselves 
are a purplish-brown colour, except for the wingless egg-laying 
females, which are reddish-yellow and very small, not usually 
more than xwo long. These curious females and 

wingless males are to be found in the autumn. One egg is 
laid and then the female dies. This sexual reproduction only 
takes place rarely. During those years that it is absent, 
the race is carried on from year to year by the hibernating 
parthenogenetic females. The Woolly Aphis has no secreting 
tubes projecting from the abdomen. 

The various common Aphides do not cause any gall to form 
on the plants on which they feed, but the closely allied genus 
.Chermes causes the production of the well-known False Cone 
Galls” on the spruce fir (Fig. 234). 


Bark-lice . {Chermes). 

The life-history of this form is extraordinarily complex. 
It is given here as an example of the curious phenomenon of 
the same insect passing different definite stages of its life on 
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different plants in a regular c\’cle of generations. It -svill 
be perhaps simplest to start at the stage in which the 
Chernies insect passes the winter on the spruce fir — the stage 
known as Chernies ahietis. 

Generation spruce twigs are examined in November, 

I. there may be seen on some of the terminal clusters 
On Spruce, of buds, especially in the crevices between the buds, 


little white waxy patches (Fig. : 



Fig. 234. — Spruce twig infected by 
Chernies ahietis. 

h, Waxy patch covering hibernating CJiermcs 
insects ; g, gall formed by such insects 
when they awake to activity after the 
winter sleep. 


134, h). If some of these are 



Fig. 235. — Chernies ahietis. 
(Much enlarged.) 

(Obtained from the waxy patch shown 
in Fig. 23-1 and inade transparent as 
explained in the text.) o, Rostrum. 


scraped off, put on a slide, and treated vdth turpentine, the 
w^ax dissolves away, leaving exposed a number of little wing- 
less Cherrnies insects, -which were just entering on their long 
hibernation protected by the wax. AYhen mounted in 
glycerine, slight pressure on the cover-slip causes the contents 
of the body to stream out, and the transparent skin is left as 
in Fig. 235, sho-^ving clearly the regular arrangement of the 
little perforated shields, from which, according to Professor 


r." 
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MialV exude the waxy threads which covered the body ; the 
curious, long, three- join ted proboscis or rostrum, which lies 
along the body ventrally wlicn at rest, also becomes obvious, 
and projecting from ib may be seen the three long, fine lancets 
found in all Ehy ncota (p. 3 1 0). Here they arc unusually long, 
and their function at this time of year seems to be to fix the 
insect firmly to the spot where it hibernates, and hence they 
are described by Buckton as “ spring cables.”- The antennae of 
Chernies are short compared with those of an A. 2 Ms. These 
hibernating forms on the spruce arc all female insects. In 
the spring they awake to activity, and begin to pierce the 
young, growing tissues at the base of the bud and suck 
nourishment from them. These punctures cause the formation 
of such a gall as shown in Fig.- 234, g ; the tissues swell up 
and form a little green structure which is at first rather like 
a young cone with scales arranged regularly on it and with 
little cavities lying below the scales. . 

Generation female insect responsible for 

^ this gall has fed suflicicntly on the juices of the 
Still on p^cl, she lays a little cluster of parthcnogcnctic. 
Spruce. 6ggs, and then dies. The larvae whicli 

hatch from these eggs make their way into the cavities of the 
gall, and remain there feeding on its tissue, gradually acquiring 
their adult, winged condition. In August, usually, the perfect 
insects creep out of the gall, which is now brown and woody, 
and the scales of which have separated, exposing the cavities 
(Fig. 234, g). The winged forms which come out are again all 
females, and they now act in one of the two following ways : 

(1) Some of them stay on the spruce and lay 
Generation eggs which form fresh hibernating 

On Spruce females of Cherm.es ahielis ; 

and Larch.. ^2) Some migrate to the larch and thci'c lay 
clusters of stalked eggs (Fig. 236, A andii), which give rise to 
female insects that hibernate on the larch, and are known 
as Chermes laricis (Fig. 236, 

Generation This hibernating female awakes in March, and 
lays parthenogenetic eggs on the larch twig, which 
^ChermS’ developed into both wingless and 

laricis. winged female forms. • 

Injurious and Useful Insects , by Professor Miall, 1902. 

^ Monograph on British Ayhides^ by Buckton, vol. iv., Bay Society. 
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Generation The winged forms return to the spruce and lay 
M^Ie and there in the summer, and 

Female, these produce both female and male insects — the 
On Spruce, first appearance of males in the life-history. 



Fig. 236 . 

A, Larch Infested by Chermes; e, cluster of stalked eggs ; B, cluster of eggs enlarged, 
showing wax (ir) surrounding them; h.f., hibernating mother; Us an egg in which 
the new individual is almost developed ; D,' view of I enlarged ; C, hibernating 
female on larch, much enlarged (actual size is less than a pin’s head). 


Generation Finally, each of these females lays one fertilised 
YI. or I. egg on the spruce in the autumn, which may 
On Spruce, develop into such a hibernating female as was 
described as Generation I 
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Perhaps this very complicated life- history can bo made 
clearer by the following tabular summary. 


SuMMAiiy OP Generations op Chermes 

On SriiucK. On Laiich 

1st Generation Hibernating wingless 
females whicli form 
(jails in the spring and 
lay eggs. 


Wincjccl females^ leaving 
galls in August. 


2nd Generation i 


Some stay on spruce and Some migrate to larch 
lay eggs in autumn. and lay eggs there 

in autumn. 


3rd Generation Hibernating females, Hibernating females 
Generation I. which lay eggs on 

larch in spring. 


4th Generation 


WiiKjecl Jorms returning 
to spruce and laying 
eggs there in August. 


Wingless forms. 


5 th Generation 


6th Generation 


Winged 
female and male. 
Eggs fertilised. 


Hibernating femnles, 
wingless, like Geiiera- 
tion 1. 


We find, therefore, on the spruce from October to December 
hibernating females of two kinds ; — 
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(1) Those arising from the parthenogenetic eggs of the 
Chermes ahietis which has never left its spruce home ; 

(2) Those arising from the fertilised egg laid on the 
spruce. These are the fourth generation from that Chermes 
ahieiis which migrated from spruce to larch in the August of 
the previous year, and whose second generation of descendants 
returned to the spruce in the summer of the second year in 
the cycle under consideration. 

This insect Chermes is very undesirable in spruce and larch 
plantations, not only because of the harm done by it to the trees 
in drawing nourishment from them and causing distortion of 
the branches, but also because it is thought that when piercing 

the tissues the insect often inocu- 
lates them with the spores of a 
fungus (a Peziza) which causes the 
disease kno'svn as Larch Canker.^ 




Fpjnily 2 : Cercopidae 
(Prog-hoppers) 

The insects which cause the 
accumulation of frothy substance 
on many plants known as 
cuckoo-spit or frog-spit” are 
the Frog-hoppers which form the 
family Cerco]^idcie of the Homo- 
ptera. The froth is formed by 
the little yellow and green, or 
brown, six-legged larvae who live 
vnthin it, and only leave it on 
becoming winged adults. When 
the larva hatches from the egg it is naked ; it at once pro- 
ceeds to pierce the stem of the plant on which it finds itself, 
and .sucks up the sweet juice ; then, as a result of the digestion 
of this, a clear, watery, slightly wscid sap exudes from the end 
of its body and covers it and fills all the space between it and 
the stem ; also two little glands at the end of the body secrete 
a waxy substance which, with the sap, makes a kind of soapy 
solution, into which it proceeds to blow bubbles of air until it 

^ This fungus, Basyscyplia calycinciy causes little yellov/ discs, about 
^ of an inch across, on the larch stems. 


B- 


Fig. 237. — Tlie Frog-hopper 
; {ANirophora sjmraaria). 

A, Dorsal B, lateral view, r, 

rcstrum or beak pressed against 
the body. 
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has made a little frothy soap-bnbble home all round itself: 
wdthiii this it lives protected from danger of drying np in 
the heat of the snn, and from the attacks of enemies. It is 
interesting to watch the little larva tip np the end of his 
abdomen into the air and, grasping a bubble of air with two 
little processes on the end segment, turn this dovm again into 
the soapy fluid and set it free, doing this some seventy or eighty 
times till the whole mass is filled with bubbles. The full-grown 
insects have earned the name of Frog-hopper from the surpris- 
ingly big leaps they are able to make. 


Family 3 : Coccidae (the Scale Insects) 


Scale Insects are minute, degenerate 
closely adhering to the bark, fruit, or 
leaves of a tree, usually hidden by a 
little scale — rather like one valve of a 
minute mussel shell — formed by an ex- 
cretion from the body of the insect which 
shelters below it, as e.g, in the Mussel 
Setde Insect of the apple tree (Fig. 238). 
In some forms, the scale is replaced by 
a powdery mass, when the creatures are 
known as “mealy-bugs.” The full- 
grown insect is very degenerate, but the 
larva is more active, and does much 
damage to the plants on which it feeds. ^ 
The Mussel Scale Insect is common on 
apple trees. 


forms which live 



Fro. 238. — Swilc TdhooIs 
oil Ajiplo 'I’roc {M j/l.h- 
lasjns ani), 

s, Scale covering one 
individual (nat. .size). 


Family 4 : Cicadidae (Cicadas). 

Although this family has only one British species and that 
a very rare one, it is just mentioned here because of the 
notoriety gained by its male members of being the noisiest of 
all insects — the females are entirely silent. The shrill, screech- 
ing chirp of the male Cicada far exceeds in sound that of the 
grasshopper or cricket (see pp. 306-7). The noise is made by 
the vibration of little membranes stretched by the side of tlie 
spiracles and set in motion by the passage of the air from the 


^ For an account of this form see Injurious omcI Useful Insects, by 
Professor Miall- 
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tracheae, and these form a very complex little voice-organ. 
The creature is common in S. Europe and in all the warmer 
regions of the earth. ^ The North American species Cicada 
Seiotendecim is notable in another way, for it actually lives 
seventeen years underground before it comes to the surface for 
its brief, noisy, aerial life, when it mates and lays its eggs in 
incisions in the stems of plants ; the larvae, as soon as they 
hatch, burrow into. the ground. 

Sub-order 3 : Anoplura. 

This sub-order consists of the small wingless forms, known 
as Lice, which are parasitic on mammals, sucking their blood 
by means of a peculiar hooked tube on the head. Pediculus 
is the Louse which attacks man.^ 


Classification of the Eliyncota mentioned in Cha'pter XX. 

Order. Rhyncota or Hemiptera (Bugs). 

Sub-order 1. Heteroptera. 

Series A. Aquatic forms with small, hidden antennae. 
Genus 1. iVepcq the Water Scorpion. 

„ 2. Ranatra^ the Water Stick Insect. 

„ 3. Notonecta, the Water Boatman. 

„ 4. Gorixa. 

Series B. Forms with long antennae, living on the surface 
of water or on land or parasitic. 

Genus 1. Gerris, the Pond-skater. 

„ 2. Velia, the Water Cricket. 

„ 3. Hydrometra, the Water kleasurer or Water 

Gnat. 

„ 4. Gimexj the Bed-bug. 

Sub-order 2. Homoptera. 

Family 1. Aphidae. Green- fly and Bark-lice. 

„ 2. Cercopidae. Frog-hoppers. 

„ 3. Coccidae. Scale insects. 

„ 4. Cicadidae. Cicadas. . 

Sub-order 3. Anoplura. 

Genus Pediculus^ the Louse. 

^ For full account see Social Life in the Insect World, J. H. Fabre. 

“ See British Museum Econmnic Pamjfilet, No. 2, price 6d. 
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Practical Notes on Ehyncota 

1. Collect from a pond with a dipi3ing-net any of the water- 
hugs mentioned in this chapter. Examine them carefully and keep 
some for a few days. Eememher nearly all are carnivorous, and 
therefore must he kept alone and fed on special animal food.^ 

2. Find Green-fly in any garden, and work out its life-history. 
Isolate one insect and determine its rate of multiplication. Try 
to distinguish the different kinds of Aphides, making use of such 
hooks as Professor MialPs Injurious and Useful Insects^ and also the 
monograjDh on Aphides, hy Buckton, in vol. iv. of the Eay Society 
Publications. 

3. Search spruce and larch trees in the autumn for hihernating 
female Ghermes^ and for the cluster of eggs. Try to work out 
their comjDlicated life-history, protecting a twig, where eggs have 
been found, with a muslin hag, and visiting at intervals during 
the following ten months to note what changes have occurred. 

Eefer to Forest Entomology^ by Gillander, for further details, also 
to the Gamhridge Nahiral History^ vol. vi. p. 586. 

4. Examine apple and other fruit trees for the Mussel Scale 
Insect, and with a strong magnifying lens try to make out its 
structure and life-history. 

Eefer for further details to the First Bei^ort on Economic Zoology^ 
hy F. V. Theobald. 

5. Eemove a Frog-hopper larva from its frothy home, and 
having studied its structure, place it on a fresh stem and watch it 
at work making a new protective froth. 

^ For identification of specimens see llemii^tera Reteroyiera^ by R 
Saunders (1892). 
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INSECT A {continued) 

Order : Odonata (Dragon-fltes) 

This family of the Dragon-flies is a very ancient one ; fossil 
dragon-flies occur plentifully in the lower Liassic rocks in the 
West of England and elsewhere. Before birds or even flying 
reptiles appeared on the earth, the air was the domain of insects, 
some of them very large, and a dragon-fly with a wing expanse 
of twenty-seven inches has been found in the coal measures of 
the Palaeozoic rocks. The largest known living dragon-fly, an 
American species, is not six inches across. The aquatic larvae 
are carnivorous, and have a curious modification of the lower 
lip for catching their prey. The perfect insects are also 
carnivorous ; they have very small, inconspicuous antennae ; 
the segments of the thorax are much thickened vertically, and 
slope from below backwards, so that the legs are always 
attached in front of the wings. The wings are usually trans- 
parent, and have a very complex network of nervures which 
differs in certain points in the different families ; in all of 
them the front margin of each wing has, near the middle, a 
slight irregularity, looking as if it had been broken at this 
point ; this is called the “ node of the wing. There is a long 
abdomen with “ cerci or anal appendages. 


Tijioe : The Blue Dragon-fly {Aeschna cijanea), 

AescJma is one of the largest and most striking British 
Dragon-flies, frequently to be seen flying with swift, powerful 
drats by the side of streams and ponds, and even in gardens, 
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Lar from any water, flying right over the tree tops when 
alarmed. 

General winged insect has a long, tapering body 

Form and and large wings (Fig. 239). It is beautifully 
Colour, coloured. The eyes are blue in the male and 
greenish in the female ; they meet for some distance in 
the middle line, and just in front of them are three simple 
eyes or ocelli in a nearly straight line. The compound 



eyes are exceptionally large and prominent, containing more 
than 20,000 visual elements (see pp. 231-3). Aeschna is 
said to have better sight than any other insect- — probably 
vision is not clear of an object more than six feet away, 
but the insect is certainly cognisant of a moving object at 
a much greater distance.^ The antennae are minute bristles 
projecting forwards. 

On the thorax are dorsal green spots and lateral yellow 
bands. Blue spots also run in pairs down the dark-coloured 
abdomen of the male, and yelloAvish- green spots similarly 
mark the female, the two spots on each of the last two 
See Biology of Bragon-jiies, hy R. J. 'Tillyarfl, 1917. 

r 
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segments becoming confluent. On the front margin of each 
wing is an oblong dark mark or “ stigma.’’ The hind wings 
are slightly larger than the fore wings, and are broad at the 
base with a sharp, incurved angle in the male, but a rounded 
margin in the female. The thorax is necessarily large and 
thick to contain the powerful muscles which move the wings. 
At the end of the ten-jointed abdomen in both sexes is a 
small pair of processes known as the dashers or anal appendages, 
by means of which the male grasps the female ; the male has 
also a median projection. 

Food and The legs of the adult are thin and weak, being 

Capture of used for clinging to objects but not for walking* 

Prey. apparently they are also used in catching food. 
The Dragon-fly is a voracious ' eater of other insects, 
catching them as they fly. When it is flying, the legs are 
all turned forward under the mouth. Each leg is fringed 
with stiff hairs, and it is possible that they form a kind 
of net, in which the insects are caught before being conveyed 
to the mouth and masticated by the powerful mandibles. 
There is, however, some doubt on this point, ^ and more 
observations are desirable both on it and on the custom 
attributed to individual dragon-flies of frequenting special 
hunting-grounds. 

E. J. Tilly ard states that some of the Aesdmidae do valuable 
work in keeping down the number of gnats and mosquitoes, 
and one large dragon-fly has been known to eat forty house- 
flies Avithin two hours.^ 

The mandibles, though strong, cannot inflict any note- 
Avorthy Avound on the human hand ; neither does the Dragon- 
fly sting, though the old mistaken idea that the pointed tip of 
the abdomen contained a sting has gained for the creature 
the undeserved names of the “ Horse -stinger ” and the 
“ Devil’s Darning Needle ” ! 

Reproduc- At the mating time the male clasps the neck 

tibn. of the female Avith his anal appendage and flies 

The Eggs. ‘‘tandem-AAnse” (cp. Fig. 250). Previously 

he has transferred his sperm from the organ of secretion in the 

^ See Natural History of some Common Animals^ by 0. H. Latter, 

p. 101. 

“ “Some Dragon-flies and their Prey,” by H. Campion, in Annals of Nat 
Hist, 1914. 
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The Larva. 


9 til segment to a special receptacle situated in the 2nd segment 
of his abdomen, and when flying united, “per collum,” the 
female bends round her abdomen and applies it to the 2nd 
segment of the male, receiving the sperm cells into a special 
pouch, whence they issue to fertilise the eggs as they pass 
down the oviduct.^ 

After this has occurred, the eggs are deposited by the 
female upon water-plants, the stem or leaf of a jibnit just 
below the surface of the water being pierced by the sharply 
pointed ovipositor, which is projected from the end of her 
body. In each puncture is deposited one pale yellow egg, 
which is about -5^ inch in length. 

In three or four weeks, there emerges from the 
egg a larva which, though able for a time to 
smm freely by moving its legs, soon makes its way to the 
pond bottom and there 
walks about, though it still 
occasionally takes to swim- 
ming with a curious, jerky 
motion due to the sudden 
expulsion of a jet of water 
from the end of the tail. 

The larva is a dingy, 
ugly creature, with at first 
no trace of wings. It has 
a broad head with small 
antennae and very large 
compound eyes, a thorax 
of three segments bearing 
three pairs of well- 
developed jointed legs, 
and, in older larvae, the 
rudiments of two pairs of 
wings. The abdomen is 
broad and yet fairly long, 
ending in five pointed 240.-Full-p-owu Lan-a or Nymph of 

processes of which two are ^ 

very small and form a 

lateral pair. These processes form a valve which can either 
close over the end of the alimentary canal, or can be widely 
^ The Biology of Dragon-flies^ by E-. J. Tillyard. 

Z 
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opened at will, and so are of use in the anal respiration wliicii 
is peculiar to Dragon-fly larvae. 

A pair of large spiracles is present in the larva 
behind the head, between the first and second seg- 
ments of the thorax, and another pair is said to exist behind 
these, which, however, cannot be seen without dissection. In 
spite of these spiracles, the larva does not normally — at any 
rate when young — come to the surface of the water to breathe, 
as it would do if the spiracles were functional, but remains 
permanently below the water if this is fairly fresh, and it is 
evident, therefore, that it must depend on some other mode of 
respiration • this seems to be supjDlied by the modified 
“ rectum,^’ or last part of the alimentary canal which forms 
the structure known as the “branchial basket.” The wall 
of this is ridged and folded, so that it is capable of being 
greatly distended, also it is supplied with six series of inwardly 
projecting gills, each penetrated by an enormous number of 
minute tracheal branches which are in connection with the 
main tracheae of the body. By the muscular expansion and 
contraction of the rectum, water is sucked in or expelled, at 
will, and thus the necessary supply of oxygen, dissolved in 
the water, is brought into contact with the tracheae and 
diffuses into them. If the water is foul, or if the air in it has 
been driven out by boiling, the larva comes to the surface and 
projects its tail into the air, which it takes direct into the 
rectum. A full-grown larva, instead of drawing in air through 
its tail, may make use of its thoracic spiracles, for these are 
open at this stage, though closed in the young larva. 

Movement sudden ejection of water from the large 

anal chamber will often cause the larva to dart 
quickly forward through the Avater. When a captured larva 
is first set free from the hand into a bowl of Avater, it Avill 
often suddenly eject this anal jet, Avhich may spurt up into 
the air for several inches. 

The Dragon-fly larva is a very actiA^e hunter, 
stalking its prey unperceived OAAung to its dull 
coloration and its stealthy movements. Any 
soft -bodied aquatic creatures are attacked by it, even 
fish larger than itself. It has a most efficient Aveapon 
for seizing its prey in the so-called “ mask ” or modified 
loAver lip. 
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The labium has developed into a single, jointed, arm-like 
structure with three distinct j)arts : there is a long segment, 
attached beneath the mouth, which when at rest extends 
backwards below the head and throat ; connected with this 
by a kind of elbow-joint is another long segment which lies, 
when at rest, below the first, but which projects forwards ; 
finally, at its free end are two sharply curved teeth known 
as the ‘‘forceps.” The broad end of the second segment 



Fig. 241. — Two Acsclina Larvae hunting Tadpoles in a pond. 

A, With mask, bent back under the head ; B, with mask extended and holding 
a tadpole in its “forceps.” 


of this labium, with its “ forceps,” lies, when not in use, over 
the mouth, hiding the real jaAvs, and therefore the structure 
is termed the “mask” (Fig. 241, m). 

When the larva has approached stealthily within reach of 
its pi^ey, it suddenly shoots foinA^ard the Avhole “lip arm,” at 
the same time opening wdde the forceps and seizing the 
animal Avith them. The “arm”* or “mask” is then pulled 
back Avith equal rapidity, so that the prey is held by the 
forceps against the mouth, AA’^here it is quickly eaten by means 
of the toothed mandibles and maxillae. 
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Although at first the newly hatched larva has 
Meta-^ no trace of wings, after four or five moults riidi- 
^ ’ ments of them appear as two small, backwardly 

extending lobes ; these are attached at their bases to two 
horny plates which have previously grown up from the sides 
of the body, and which nearly meet in the middle line over 
the back. A larva with wing rudiments is often called a 
nym])h (Fig. 240). Many moults occur before this nymph is 
full grown. In fact, the larval stage usually continues for 
from ten to fourteen months. By this time {i.e. probably in 
early July) the vdngs are about f of an inch long, and the 
thoracic spiracles have become functional, otherwise the larva 
has changed but little, except in size. Now, however, the 
nymph ceases to feed, and climbs up some weed or projecting 
stump right out of the water, perhaps to a height of several 

feet above the surface. When 
it has found a suitable sj)ot, 
the nymph clings firmly, in 
an upright position, to the 
support, and prepares for its 
last moult, when the remark- 
able change from the dingy, 
slow -moving larva to the 
brilliant, swiftly flying imago 
will take place. It may 
remain thus, motionless, for 
some hours, or even a whole 
day, before any further change 
occurs ; but if the transforma- 
. tion is taking place rather late 
in the year {e.g. mid- July), or 
if the nymph has hesitated for 
several days before leaving the 
water, it may take place quite 
rapidly. It will suddenly be 
noticed that the skin over the 



Fig. 242. — Early stage in the last 
moult of the Nymph of Aesclina, 

i, Body of imago partly free from the old 
larval or nymph skin, l.s . ; w, crumpled- 
up wings of imago ; t, tracheal threads 


of nymph withdrawn from body of eyeS, which previously WaS dull 


imago. 


and opaque, has become bright 
and transparent, owing to the brilliancy of the eyes lying under- 
neath. Next the skin splits down the mid-line of the thorax, 
and the body within swells up, causing the split to extend 



(Fig. 242, t). After this, the- insect throws its head and 
thorax right back until they almost touch the abdomen 
(Fig. 242), and in this curious position — supported only by 
the tip of the abdomen, which remains inside the old skin — 
it rests sometimes as long as half an hour, waiting doubtless 
for its newly exposed legs and claws to harden, and for 
its body to gain strength for the sudden jerk forwards, with 
which finally the body is brought back into a more normal 
position, the claws grasping firmly the sides of the discarded 
skin (Fig. 243). Then it proceeds to withdraw the end of 
its abdomen, pulling it carefully out ' of the original split in 
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the thoracic wall, and having, therefore, to arch its whole 
body strongl}’ to free it (Fig. 243), though as soon as it is 
free it is extended, and curves up away from the old larval 
skin (Fig. 244). The imago now usually abandons this, 
climbing up a few inches above it (Fig. 245). 

There is, however, considerable further development to 
take place before the mature adult form is attained. The 
wings are still small and rudimentary, the vivid adult colour- 
ing has not yet appeared, and the abdomen has yet to shrink 
in width and increase in length. 

The wings are at first soft, moist, and crumpled-looking 
(Fig. 244), but now they begin to expand very quickly, still 

held vertically side by side, but 
kept carefully apart from each 
other, the abdomen being curved 
away from them, so that they 
have all the room possible for their 
free expansion. At this stage the 
two layers of which they are 
formed seem to be slightly 
se^mrated, and, if damaged, green 
blood flows freely from them \ in' 
fact it is the pumping of this 
blood into the hollow bag of the 
wing that causes its rapid ex- 
pansion and gives it its character- 
istic greenish colour.^ During the 
expansion of the wing, chitin is 
developed along the course of the 
veins forming the necessary sup- 
portive framework ; ultimately the 
two surfaces of the wing fuse 
together except where traversed 
by a vein or nervure. In half 
Fig. 245. —Last stage in the an hour or less, the wings are 
metamorphosis of Aesclvaa, expanded (Fig. - 245), but 

still some hours of rest are needed 
before they are sufficiently firm 
and dry for flight. During this time the abdomen reaches its 
full length, but gets thinner, letting fall gradually, drop by 
^ T/ie Biology of Rmgo/i-jlies, by R. J. Tillyard, 1917. 



the wings of the imago almost 
fully expanded. 
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drop, the liquid which distended it; slowly also the character- 
istic colouring of the Dragon-fly appears. Finally, perhaps 
three hours after the imago began to withdraw itself from 
the larval skin, the wings are for the first time spread out 
at right angles to the body, and, after moving them once 
or twice, the Dragon-fly sails off into the air and begins its 
active predatory life, which lasts until the cold of winter 
renders further existence impossible to it. 

Tennyson must have seen this metamorphosis when he 
wrote : ^ — 

“ To-day I saw the dragon-fly 
Come from the wells where he did lie. 

“ An inner impulse rent the veil 
Of his old husk : from head to tail 
Came out clear plates of sapphire mail. 

He dried his wings : like gauze they grew ; 

Thro’ crofts and pastures wet with dew 
A living flash of light he flew.” 

Other British Dragon-flies. 

Yery nearly 2000 species of Dragon-flies have been 
described, and there are many more as yet unnamed, but 
of all these only about 46 are British. 

The four families most common in Britain are those the 
typical genera of which are, respectively, Lihellula, Aeschna, 
Agrion, and Caloj^teryx. Of these, the two former belong to 
the sub-order Anisoptera, both being large forms with the 
hind wings broad at the base and S23read horizontally or 
de]Dressed when at rest ; both also have larvae with broad 
abdomen and anal respiration ; the two latter belong to the 
Zygoptera, in which both 2)airs of wings are' alike and narrow 
at the base, and are usually held folded back vertically when 
at rest ; the body has a very slender abdomen, and the larva 
also has a small, slender body, with three flap-like processes at 
the end of it which are tracheal gills. 

Sub-Order: Anisoptera. 

Family 1 : Libellulidae 

The imago of a Libellulid has a broad and thick, though 
^ The Tioo Voices. 
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taperingj abdomen except in the genus Symieirum. The com- 
pressed eyes meet on the top of the head, and there are three 
ocelli arranged in a triangle. The wings are extended when 
at rest. The larva has a thick, short body with slender, weak, 
but rather long legs. The eyes are farther apart and the 
head squarer than in Aeschna. 



71 ) Xode of the wing. 


The larvae of these Dragon-flies are usually to be found in 
very dirty stagnant water, and are at first rather like little 

spiders, but with only six 
legs, with which they swim 
through the water. 

The female Libellulid 
has no ovipositor, and the 
eggs are just dropped into 
the water of the pond. 

Genus 1. Libellula. — Abroad- 
bodied form, with a dark 
triangular stain at the 
base of the hind wings ; 
the abdomen is not spotted 
in the middle, so that its 



Fig. 247. — Nympli oi Libellula. 

The line to the left shows the actual length. 


dorsally, and it is thicker 
sides are not parallel. 

In L. dejjressa (Fig. 246) the abdomen is blue in 
the male and brownish yellow in the female. This 
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Dragoii-fl}^ has the habit of resting on a special twig 
and returning to it again and again if disturbed. It 
has a powerful liight, and has been seen sometimes 
wandering for long distances, even out to sea, in 
company with many others of its kind. 

In L. quadrimamlataj a very common species, there 
is a dark spot at the node of each wing as well as at 
its apex. Both sexes are brown, with lateral yellow 
spots on the abdomen and a yellowish -brown band 
along the front margin of eacli wing. Tliis species 
also has a migratory instinct ; (locks of many thousands 
have occasionally been seen off our East Coast. 

Genus 2. Sympetriim. — Smaller forms than Lihellula^ with a 
narrow abdomen, and wings without the dark triangular 
stain at the base, though a slight yellowish stain may 
be present. The body of the male, except in the black 
species, 8. scoticum, is marked with brilliant red pig- 
ment, absent in the females, which are usually brown. 
The length of the body is from to inches, whilst 
that oi . Libellula is from l-i- to 2 inches. S. striolatuni 
is one of the commonest British Dragon-flies. 

Genus 3. Orthetrum. — Wings clear and unstained ; the abdomen 
may be narrower than in Lihcllula or as broad. The 
abdomen in the male is blue, in the female brown. 
Found in the South of England, but not very common. 


Family 2 : Aeschnidae 

The Dragon-flies of the family Aeschnidae are large forms 
in which, as in the Lihelhdidae, the eyes usuall}^ meet 
on the head for some distance ; but the three ocelli are 
nearly in a straight line on the front of the head, and the 
abdomen is very long and narrow. The larva also is larger, 
with a relatively longer abdomen and stronger legs, than a 
Libellula larva. 

Genus 1. Aeschna. — The base of the inner margin of the hind 
wing on the male is characterised by having a sharp, 
incurved point. The male is dark brown, much 
spotted with blue in the rare, northern, A. coeridm^ or 
brown with blue and yellow markings in the common 
A. cijanea, or almost entirely brown in A, grandis. 
This last species is the one that so commonly visits 
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gardens even near towns, flying high over the trees. 
The length of the body is 2-J- to 3 inches. The details of 
the form of the anal aj)i3endages in the male are sj)ecific 
characteristics that can be used in identification.^ 

Genus 2. Anax. — Large, beautifully bright forms, the body of 
the males blue, and of the females green, with a long 
irregular black line down the back of the abdomen. 
Length 3 inches. A, inipei'ator is not uncommon in 
the south. 

Genus 3 . Cordulegaster. — The name is derived from the Greek 
corcltde, a club, the genus being so called from the shape 
of the abdomen, which in the male is thin in the centre 
and thicker at both ends. The body is greenish-black, 
with transverse yellow markings. Length 3 
inches or more. The larva of this form 
is found in running streams 3 it is peculiar 
amongst British dragon-fly larvae in having 
diverging wing-sheaths. 


Sub-order: Zygoptera. 

Family 1 : Agrionidae. 

The members of this family are 
relatively small forms, and the eyes are 
wide apart and large. The abdomen is 
slender and usually brightly coloured 3 
the wings very narrow, transparent, and 
uncoloured, except for the small dark 
patch or stigma present on the front 
of each wing in both sexes. There are 
only two small cross veins in the space 
between the node of the wing and its 
base. The larva is a slender brown or 
greenish-coloured little creature, with 
three delicate, leaf-like plates at the end 
of the body 3 these are tracheal gills, 
though other means of respiration, prob- 
ably rectal, must exist, since these appendages are sometimes 
bitten off by enemies, and yet the larva continues to live 3 it 
must therefore breathe by other means until the lamellae are 
^ See Tillyard, 02 ). cit. pp. 340 and 32-37. 



Fro. 248. 

One of Agrioiiidae. 

a, Empty nymph skin ; b, 
imago which has emerged 
from a ; n, node of wing. 



XXI 


INSECTA: ODONATA 


343 


renewed at the next moult. These small dragon-flies, when 
adult, may often he seen mating close above the surface of 
the water \ the male holds the female with his claspers just 
behind her head ; she then bends her abdomen right round 
under his body and applies it to his second abdominal 
segment whence she receives the sperms ; she then curves her 
body down into the water and deposits the fertilised egg 
(see Fig. 24-9) ; they then flj?' off together in the “tandem” 
position, shewn in Fig. 250, and repeat the process else- 
Avhere. 


Genus 1. Agrion. — Abdomen blue marked with black or a 
blackish bronze. Length of body about 1|- inches. The 
larvae are brown or 
grey-green. The lar- 
val tracheal lamellae 
are either constricted 
at one point or are 
what is known as 
“nodate,” the “node” 
being merely the 
point where the basal, 
toothed edge of the 
lamella gives place to 
a smooth edge. A, 
jpuella is a very com- 
mon species; the male 
has a brilliant blue 
' body. 

Genus 2. Pyrrhosoma. — 

Abdomen crimson 
with some bronze 
colouring, male more 
crimson than female. 

Tracheal gills neither 
c o n s t r i c te d nor 
clearly nodate. 

Length 1^- to 1-^ inches. P. and the slightly 

smaller P. tenellum^ are both common. 



Fig. 249 .- 


-Dragoii-fly {Pi/rrhosoma) 
ovipositing. 


Genus 3. Enallagma. — The imago of this very common form 
differs only in slight details from Agrion, but its larva is of a 
bright-green colour. 

Genus 4. Lestes. — Abdomen of male green and blue, of female 
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green and brown. The members of this genus rest with 
their wings half -spread ; they are not very common. Their 
larvae have simple, elongated tracheal gills. 




Fig. 250. — Lestes Spojisa, male and female 
ilying ‘‘tandem.” 

Family 2 : Calopterygidae 

The beautiful little Dragon-flies of the family Calo])- 

terygidae have 
narrow bodies of 
a brilliant metallic 
blue or green, 
according to 
whether they are 
male or female. 
Their wings ‘ are 
broad at their free 
ends but narrow 
at the base ; they 
have no stigma in 
the male, and in 
the female a white 
one only, a point 
which, together 
with the colora- 
tion of the wings, 
aids in distinguish- 
ing this genus from 
the genus Agrion. The eyes are far apart, as in the Agrionidae. 
Because of their beauty and elegance thej^ are often called 
“Demoiselles.’’ They fly with rather a weakj fluttering motion, 
usually several together, remaining long near the same spot. 
The larvae ha^m tracheal gills of the same tyj^e as those in 
Agrionidae, but the tAvo lateral gills are triangular in sec- 
tion, only the central, smaller one being flat (lamellar) as in 



Fig. ^ol.r—Caloptei'yx virgo (uat. size). 
I, Imago ; L, full-grown larva or nympli. 
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Agrionidae, The lamellae are marked with dark transverse 
bands ; they are nearly equal in size in C. virgo, whilst in 
C, ^plendens the central one is considerably shorter than the 
others. 

Single genus, Calopteryx (Gk. halos^ beautiful ; a 

wing). — There are only two species of this genus, G. virgOj 
in which the wings are coloured almost entirely blue in 
the male, whilst in the female they are yellowish brown ; 
and G, s2olende7is, in which the wings of the male have a 
large blue patch on^ them and the body is blue, whilst the 
wings of the female are greyish and her body is green. 

Practical Notes on Dragon-flies 

1. So far as possible the whole life-history of an Aesclma and 
an AgT'ion should be followed. In any case, full-grown nymphs 
should be obtained in the summer, and their wonderful meta- 
morphosis into winged insects watched throughout, drawings being 
made, or photographs taken, at noted intervals. 

When the nymphs are brought home from the pond, they 
should be carried loosely packed in damp water-weeds in a tin, 
and must he transferred to a tank where there is plenty of vegeta- 
tion, and, if they are nearly full grown, where some of the plants 
rise well above the surface of the water ; indeed it is often advisable 
to put in several thick, rough sticks weighted at the lower end and 
projecting two feet above the water, so that plenty of easy means 
of exit are provided for the nymphs. If this is neglected, or 
inadequate exits are provided, the Dragon-fly when it emerges 
may wet its wings and be seriously injured. 

If the nymphs in the tanks are not full grown, they will need 
regular feeding, and unfortunately it only seems possible to keep 
them healthy by giving them living food. Tadpoles, freshwater 
shrimps, and insect larvae form their natural diet, but they may 
sometimes be induced to feed on blow-fly larvae gentles ”) and 
pupae.^ When about to undergo their transformation the nymphs 
will be seen to cling on to the sticks just at the surface of the 
water, with their head and shoulders out of the water. A careful 
watch should then be kept, and when once they have climbed 
right up the stick they should not be left until the whole marvel- 
lous transformation has been seen ; it may take two or three hours 
to complete the process. 

^ They will sometimes eat raw meat, but I have not been able to rear them 
successfully on this diet only. 


346 


INTRODUCTION TO ZOOLOGY chap, xxi 


2. Study carefully the appearance and habits of any dragon-flies 
you see, identifying the species by reference to British Dragon-flies^ 
by W. J. Lucas, in which coloured plates and descriptions of all 
chief genera and species are given. The Biology of Dragon-flies^ by 
R. J. Tillyard, should be consulted for more detailed study. 

3. To rear Dragon-flies from the egg is a somewhat difficult 
task. The female insect should be caught just as she is oviposit- 
ing ; then, holding her gently by her front wings, her abdomen 
should be dipped just below the surface of the water in a small 
tube in which a little mud and other debris has been sunk. She 
will then very probably continue to lay her eggs, and these, if 
kept in flat shallow dishes with plenty of vegetable matter and 
mud in them, will hatch in from five days to three weeks accord- 
ing to the species. 

The young larvae may be reared in small dishes in which 
there is plenty of duckweed and a supjdy of minute animal 
organisms, mainly Protozoa, for food ; later they may be fed on 
water-fleas and small gnat larvae. 


CHAPTEE XXII 


INSECT A (continued) 

Order : Ephemeroptera ^ (the May- flies) 

The May-flies, like the Dragon-flies, have aquatic larvae, 
and there is a gradual metamorphosis, the wings growing 
rapidly at the last moult. The second pair of wings is always 
much smaller than the first pair. The head bears short 
antennae, and three ocelli, as well as a pair of large, some- 
times subdivided, compound eyes. The mouth-parts are very 
degenerate, for the imago does not feed during its short life. 
The eyes of the nymphs of Ephemeroptera are compound. 

Type : The Common May-fly (jE'p/ieme?u mdgata) 

The history of these insects is one that holds the imagina- 
tion. Eor two or three years, the dingy little brown larvae 
may live partially buried in the 
mud or decaying vegetation at the 
bottom of pond or river, swimming 
actively, if disturbed, by whisking 
their tails, but taking refuge as 
soon as possible in the mud or 
amongst the vegetation, remaining 
very still with tail uplifted, as 
shown in Fig. 252. Then, one 
evening in summer, hundreds of 
them rise together to the surface, 
split their larval skins, and, in a 
few brief moments, up dart the 
winged flies, soon, however, to come to rest again in order to 
throw off still another skin, after which their development 
^ Order N eurojgtera^ family TL^lmneHdae in Camb, Nat IHsi. 

3'i7 



Fig. 252. — Larva of the Com- 
mon May-fly, resting on 
a piece of Canadian Water- 
weed. X 2. 
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is complete, and the mature insects (known to anglers as 
“ Grey Drakes enter iij)on the last, short but merry, phase 
of their existence. 

All through their previous life feeding has been their 
chief activity ; now they feed no more — they have no mouth. 
For a brief half-hour, or at most during the few short hours 
of a summer night, the fragile little flies dance in swarms 
together up and down, sometimes high in the air, often so 
close to the water that the whisks at the end of their tails 
sweep the surface. Now they are about to fulfil the function 
which distinguishes this phase of their life — now they mate, 
and each female drops on the surface of the water a batch of 
small, disc-shaped eggs, which slowly sink, scattering as they 
do so. Their destin}^ is now fulfilled, and gradually the 
myriad flies that filled the air sink and die. 

For several nights in succession such hosts of May-flies 
will rise from the same piece of water, and the same pheno- 
menon can be witnessed ; then all is still, and the future of 
the race is hidden in the life-germs within the eggs that lie 
deep in the water. ^ 

The Larva larvae of most of the different genera of 

May-fly live in running water, but Ephemera 
mtlgaia is very common in ponds and ditches, as well as in 
slow-running streams. As soon as the larva escapes from 
the egg, it burrows in the mud at the bottom of the water, 
thus gaining protection from its enemies. It has at first no 
trace of -wings, but merely a little, segmented, rather worm- 
like body, -with, however, a pair of long antennae and six 
legs. Slowl}^, accompanied by many moults, the development 
proceeds, until a full-grown larva or nymph exhibits the 
form shown in Fig. 252. Attached to the thorax can be 
seen the rudiments of two pairs of -wings, and projecting 
freely from the abdomen on each side is a series of narrow, 
plate-like gills, fringed with respiratory hairs.^ The tracheae 
send closed branches into these gills, for they are typical 
tracheal gills ; by waving them about in the water, 
diffusion of fresh air into the tracheae is facilitated. 

At the end of the tail are three longer processes which are 
additional respiratory organs of a peculiar and unusual kind, 

^ See Skidy of Animal Liffy t»y J. A. Thomson (1917), pp. 112, 113. 

“ The form and position of the gills vary in different genera. 
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for they contain prolongations of blood-vessels, in place of 
tracheae, the blood being directly purified by the air in 
the surrounding water instead of being entirely dependent 
on the air brought in by the tracheae. Perhaps this special 
adaptation is necessitated because of the scarcity of air in 
the mud in Avhich the laxwa lives. 

The burrow made in the mud is U-shaped, for the larva 
burrows down head foremost, and then works gradually round 
and up again. A current of water is made to flow constantly 
through it by the motion of the tracheal gills. The larva 
feeds to some extent on organic matter present in the mud 
which it swallows, and also on small creatures ; sometimes, 
however, its prey is almost as big as itself, for the mouth and 
jaws are quite well developed at this stage, though in the 
adult so atrophied as to be practically absent. 

When ready to leave the water, the nymph 
of^abitat surface, and with remarkable rapidity 

the skin is split and the winged form rises into 
the air \ there is no long, gradual extrication of limbs and 
body nor slow growth of 
wings, as seen in the Dragon- 
fly, and yet the process 
must be much the same, 
though condensed into so 
short a time that it is al- 
most impossible to follow it. 

^ The process 

Imago. . T ^ 

IS also peculiar 

in that, after the first flight 

into the air, the insect again comes to rest, and throws off 
very rapidly a second skin, changing its shajie and colour 
slightly as it does so, becoming grey instead of green, and 
exposing wings of a rather more delicate texture, shorter 
antennae, and longer tail filaments. May-flies are the only in- 
sects which moult after they have attained the power of flight. 

The tail whisks are very characteristic. There are always 
three in E'phemem mlgata, but two only in some other species. 

The minute antennae are very inconspicuous ; the front 
pair of limbs is turned forwards, and may be mistaken for 
antennae until carefully examined. 

In most May-flies, two pairs of wings are present, and their 



Fig. 253. — Adult May-fly [Ephemera). 
(Natural size.)* 
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venation recalls that of the Dragon-fly : the hinder vdngs, 
however, are relatively small, a characteristic which serves 
to distinguish them from the Plccojjtera (or Stone-flies), 
which are next to he considered. 

Order: Plecoptera^ (the Stone-flies) 

In the Stone-flies, the wings consist of a transparent mem- 
brane with a network of nervures as in Dragon-flies and May- 
flies, but the nerTOres ’’ are much stronger and more con- 
spicuous ; also the hind wings are much larger, though not 
longer, than the fore wings, and are broad at the base, all the 
marginal part having a more complex venation than the rest 
of the wing. The antennae in this family are long and flexible. 
As in the two previous families, the larva is aquatic, and 
the metamorphosis is gradual : but the difference between 
adult and larva is slight, except for the possession of wings 
by the former. 

The Common Stone-fly {Ferla hicaudata) 

Ferla hicaiidaia frequents river banks in June, seeming 



specially to favour rapidly flowing streams with stony beds. 
^ Order Reuroj^tera, family Perlida.c, in Camb. JS'at. Hist. 
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This yellowish-brown fly is rather sluggish in its habits, sitting 
for long together on a stone by the water, with its long 
wings folded flat over its body so that only one pair can be 
seen. It flies slowly and heavily, and can easily be caught 
in the hand. It has a pair of long antennae projecting 
in front, and also a pair of delicate, jointed appendages, 
“ cerci,’’ at the end of its tail. 

The thorax is peculiar, for the three segments which form 
it are unusually large and clearly marked, forming with the 
head about half the length of the body ; in consequence the 
bases of the two pair of wings are rather widely separated. 



(\. B. A 

Fig. 255 . — Chloroidcrla virescens. 

At Dorsal view ; iJ, ventral view ; e, egg mass being discharged ; C, one egg enlarged. 

The insects mate on the ground, and the small black eggs, 
held together by a delicate, membranous capsule, are carried 
for some time adhering to the abdomen of the female, and 
are then dropped in the water. Similar eggs are shown in 
Fig. 255, which represents the closely^ allied genus, Chlorojoerlaj 
a yellow and much smaller fly, known as the Yellow 
Sally.^^ 

The Stone -fly larvae, sometimes known as 
e arva. Qi^eepers,” which hatch from the eggs, can svdm 
freely in the water by the movements of the body, but they 
usually hide under stones. This larva, like the imago, bears 
two long antennae on its head, and two antenna-like appendages 
at the end of its body. It breathes by" means of small tufts of 
thread-like tracheal gills, of which there are two pairs on each 
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thoracic segment and one pair on the last segment of the tail. 
These ‘‘ creepers are carnivorous, feeding on smaller aquatic 
larvae, biting them with their strong 
mandibles. The larval stage endures 
for two or three years. 

When the time has 

the water, climbing on to 
some projecting rock or plant. The 
skin swells and splits over the thorax, 
and then the body is withdrawn from 
it. The wings expand, and after a 
few hours the tissues have become 
dry and firm, and the insect flies off, 
generally, however, remaining close to 
its former habitat. It does not feed, 
and only lives a few days. 

The Willow-fly has a 

flfCouTa). -®7 

and structure, but the 
two long processes at the end of the 
Fig. 256.-— Larva of Perla body, though present in the larva, are 
hicaudata, moult. The separa- 

tion of the bases of the two pairs of wings is very marked 
in this genus.^ 

^ For practical notes on May-Jlies and Sionc-Jlics see p." 356. 
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Order : Neuroptera 

This order differs from the three just considered in having 
a complete metamorphosis, ie. one with a quiescent pupal 
stage. There are four membranous wings, the difference in 
size of the two pairs being but slight. They are held over 
the back obliquely, meeting in a ridge over the middle line ; 
the veining is fairly simple and conspicuous. The 'head 
bears long antennae. The long-legged larvae of the Alder-flies 
are aquatic, but there are other members of the same family — 
the Snake-flies — which have terrestrial larvae. In all cases 
the larvae have biting jaws. 

Family : Sialidae (the Alder-flies or Hujirbacks) 

The Common Alder-fly (Sialis hdaria). 

These flies can be readily recognised by their long black 
antennae and darkly-veined, dusky wings, the upper pair of 
which folds over the lower pair when at rest, the hinder part 
of each wing sloping away at a very marked angle from the 



' Fig. 258. — Eggs of Alder-fly. 
Fig. 25/ . — The Alder-flj’’ {Sicilis luiciTia,). Natural size and position ; B, a 
( X 2.) few enlarged and seen from tlie side. 


mid-line where the two meet (Fig. 257). They fly heavily, 
and will often begin to run away before they take to flight. 
The body is thicker relatively to its length, and the antennae, 
though long, are shorter than in the Caddis-fly, for which it 
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is sometimes mistaken : also its wings are free from the 
small hairs which are characteristic of Caddises (see p. 357). 

The E 

the water, but on a plant, a 
stone, or a piece of wood, sometimes 
some yards away from the stream or 
river in which the larvae will live. 
The eggs are cylindrical, and are to 
be found in earlj' May deposited in 
clusters of some hundreds together, 
neatly arranged in a patch with their 
outer, pointed ends free (Fig. 258). 

When the larvae hatch, 
T e Larvae. have to wriggle their 

way down to the water, and many of 
them are said to lose their waj' and 
never reach their goal. The larval 
aquatic life is sjDent chiefly on the mud 
at the bottom of the water, and it lasts 
about a year. The head of the larva 
bears two short antennae and has 
Fig. 259.— The Larva of ^vell-developed mandibles, with which it 
the Alder-fly. attacks the Other aquatic larvae on which 

g, One tracheal gill. it feeds. The thorax is large and very 

clearly divided into three segments, 
which bear three pairs of legs ; the abdomen has the usual ten 
segments, and bears seven pairs of jointed, filamentous tracheal 
gills, which curve upwards in life and give the larva a charac- 
teristic appearance. The last abdominal segment is very 
peculiar, being long and narrow and very pointed, and con- 
taining two air-tubes, so that it acts as an extra tracheal gill. 

When full grown, the larva is about one inch 
leaves the water and hides itself 
in the damp earth, sometimes several yards away. 
Having formed a little cell for itself, it casts its skin and 
exposes the cjuiescent pupa, with wing rudiments now ap- 
parent. The wings and legs of the pupa are not glued to 
the body, but enclosed in a special sldn which is shed later. 
This stage lasts tv-^o or three weeks ; then the fly emerges, 
creeps up some object near by to dry its wings, and soon takes 
to flight, never, however, going far from its native spot. 
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Family : Chrysopides (Lacewing-flies). 

The ChrysopideSj another famil}?' of the FTeuroptera, re- 
semble the Alder-fiies in having a complete metamorphosis, 
with a quiescent pupal 
stage in which the wings 
become for the first time 
apparent, but difier from 
them in having much 
more delicate bodies and 
transparent, lightly veined 
wings ; also they are 
entirely terrestrial, the 
larvae inhabiting land 
plants and feeding on 
green -fly. The mandibles 
and maxillae are modified 
into piercing and sucking 



The Gold-eyed Lace-fly 

{Ghrysoya vulgaris). 

These flies have a rather 
thin, small body, with a 
relatively long abdomen. 

. They are easily recognised 
by their long antennae, and 
their four similar and very 
delicate transparent wings, 
which when at rest roof 
over the body as in Fig. 

260, i. Both body and 
wings are of a pale-green a, cluster of eggs, e ; B, rose twig infested by 
colour, and the eyes are a, and harbouring the lacewing- 

brilliant and metallic- 
looking. 

The E s peculiar, for each is borne at 

the tip of a stalk several times the length of the 
egg itself ; clusters of them are frequently to be found hang- 
ing from a leaf of lime or rose. Sometimes the egg-stalks 


Fig. 260. — The Lacewing-fly 
(ClirysoxKf, vulgar is). 


fly in various stages ; I, larva of lacewing 
fly; 2?, pupa; imago. (Nat. size.) 
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are intertAvinedj so that there is a little bunch of 


(Fig. 260 , A)^ 



The Larva. 


ometimes each stands alone. 

The larva, vrhen full- 
grown, is about half an 
inch long, and of a pale pinkish- 
yellow colour. It bears round its 
mouth specially modified, sickle- 
shaped jaws, with which it pierces 
the body of its prey and sucks up 
its juices. In this way it destroys 
large cpiantities of green-fly. 

Finally, it spins round 
T e Pupa, ^ little, almost globu- 
lar cocoon of silk threads, which 
are given out from the last segment 
of the tail, and manipulated by the 
jaws into the recjuired shape. 


Practical Notes ox Chapters XXII. axd XXIII. 

1. Those forms with aquatic larvae, such as May-fl'^es^ Stone-fius, 
and Alder-jlks^ may be found in many ponds and rivers, but they 
are not at all easy to keep alive in an aquarium. If the attempt 
is made, the tank should be filled with pond water, and at the 
bottom there should be a fairly thick bed of earth with plenty of 
vegetation ; if possible, artificial aeration should be supplied. 

May-fly larvae are plentiful in most ponds and rivers ; Stone- 
fly larvae are to be looked for under the stones in clear streams in 
the early summer. Alder-fly eggs are very frequently to be foimd 
on the plants growing along the bank of a river, and a little net- 
dipping in the mud at the river bottom will probably produce 
some larvae. If full-grown larvae are kept in a tank, it is indis- 
pensable that facilities be given them to leave the water and burrow 
in soil for their pupation. 

2. The Lacev:ing-fly of the garden is a far more satisfactory 
subject for study, for its whole history can be traced in its natural 
habitat, or, if more convenient, in a well-ventilated box in which 
shoots infested with Aphides should be placed, so as to yield a 
good supply of food. 
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Order : Trichoptera ^ (Oaddis-elies) 

Caddis-flies differ in several important respects from the 
Xeuroptera. Specially to be noted in them are the hairs that 
more or less cover the wings, and make them somewhat 
opaque — the characteristic which has led to these forms being 
grouped in a special order, Tricho'ptera? The nervature 
of the wings is peculiar in that there are very few trans- 
verse nervures. The broad hind 
•\vings are folded famvise under 
the front wings when at rest, the 
latter being merely laid obliquely 
over the back and sides, as in the 
Alder-flies. There is a well-marked 
metamorphosis with a quiescent, 
aquatic pupal stage. The pupa, 
however, just before moulting the 
pupal skin, becomes active, and 
svdms to the surface. The antennae of the imago are 
thread-like, and the mouth-parts are reduced, the mandibles 
being absent or very rudimentary, though present in the 
pupa (see p. 364). 



Life-history of a Caddis-fiy. 

The rather moth-like, dull-coloured Caddis-flies are often 
to be seen on plants by the water side, or flying rather feebly 
close bj^ (Plate III., I), 

^ Order Ncuroptera, sub-order Trichoptera^ iu Cavib. Nat. Hist. 

” Greek thrix, trichosy hair ; pteron, a wing. 

357 


358 


INTRODUCTION TO ZOOLOGY chap, xxiv 


Eggs. 


Tlie eggs are laid in the summer, in a mass 
siuTOunded by jellj^ They are either dropped by 
the female at the -water surface, or in some cases she is said 
actually to enter the water and deposit the mucilaginous egg- 
mass on some water-plant stem, or other object (Plate III., E). 
The egg-mass is sometimes in the form of a jelly-like rope, 
which may be an inch or more long, or it may be a ring, 
or simply a flat disc of jellj^ The eggs, which are often 
greenish in colour, are clearly to be seen inside. 

The Larvae The larvae hatch out after two or three weeks, 
or Caddis- and at once begin to make for themselves little 
worms, protective cases out of any suitable material that 
may be at hand in the water. When the larva is full grown, 

its case has usually a characteristic 
appearance according to the species 
which has made it. One such case 
is shown in Fig. 264, P, with the 
caddis -worm projecting from one 
end. The larva under normal con- 
ditions never exposes more than 
its head and the first three segments 
of the body, all of which are pro- 
tected by a brown, chitinous skin. 
The rest of it can only be seen when 
it has been induced to leave the 
case. This is easily accomplished 
by cutting the case carefully open, 
or by prodding it from behind 
Amiy gently with the head of a 
pin or some other blunt object; 
the caddis-worm will then, though 
apparently with great reluctance, 
leave its case, and expose the soft, 
defenceless hind end of its body. 
Its structure is shown in Fig. 263. 



Fig. 263. — Larva of the Cadtlis- 
ily, the “CacIdis-woriii.”( x 2-^) 

a, Fleshy protuberances ; 
abdominal hooks; c, tracheal gills. 


There are three distinct thoracic 
segments behind the head with its 
two simple eyes, and each of these 
bears a pair of relativel}^ loitg, jointed legs on which the 
larva crawls actively about. Behind this region are nine 
abdominal segments, all of which, except the first and the 
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last, bear on each side a buncb of soft, white filaments, 
some of which often float out at the side, whilst some 
are laid across the back, crossing those from the other 
side (see Fig. 263). These are the breathing organs, or 
tracheal gills^ which contain extensions of the 
^of l!arva°^ tracheae, so that the air in them is only separated 
from the water by a very delicate membrane, and 
can be readily oxygenated from the oxygen dissolved in the 
water; for this process, however, it is necessary that there 
should be a constant stream of water through the case and 
over the gills. This is caused by the movements of the 
abdomen, and is facilitated by the structure of its first and 
last segments. The last bears a pair of strong hooks, which 
hold the caddis firmly to the end of its case (Fig. 263, &) ; the 
first has on it three white, fleshy processes or tubercles (Fig. 
263, a), which can be retracted or extended, and which ap- 
parently serve to keep the body fixed at this point by the 
pressure of the tubercles against the inside of the case. The 
second and third abdominal segments lie close under the top 
of the case, the dorsal, median tubercle being much shorter 
than the other two ; at this point muscular contractions 
occur at intervals, which cause an undulatory movement to 
jDass down the body, driving the water out of the open hind 
end of the case, and thus causing more to enter in front. 
These movements can be made apparent by repeating the 
experiment devised by Professor Miall, in which a caddis- 
worm was induced to make a transparent case of small, 
regularly cut pieces of mica, an experiment quite easy to 
carry out if the right kind of caddis -worm is selected, 
namely, such a one as Fhryganea grandis (Fig. 264, P), 
which constructs a regular and smooth case. 

Gaddis-worm cases vary greatly according to 
worm^Cases species which makes them (see Fig. 264), but 
all are alike in being open at both ends, though 
the opening at the back is often very small, and all are made 
of material picked up by the larva and gradually built into 
a case. The larvae live usually in the shallow, clear water 
round the margin of a pond or stream, and by visiting 
different pieces of water in which the nature of the pond- 
floor varies greatljq a large variety of cases may be quickly 
obtained. The case often so closely resembles the ground 
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it lies on, that it may be some time before the eye detects it, 
for even when moving it often appears at first merely as if a 
little piece of the debris at the bottom were shifting. It is 
very interesting to watch the manufacture of a case, or the 
adding of a neAv length to it when it has become too small 
for its growing inhabitant. If it is a new case that is to be 
made, two pieces of the material chosen are seized by the 



P, Phryganca * An, Anabolia ; S, Stcnoplnjlax ; ilf, Molanna ; L and L', LiDinopliilns ; 

L./, Limnopliilus Jlavicornis ; L.r, Limnophibis Thomhicus \ T, Triaciiodes. 

front legs, which are turned forward on either side of the 
head ; the pieces are bound together by silk threads given 
out from the salivary glands below the mouth, and a third 
is bound to them in the same way. The process is rejDeated 
until a complete ring is formed, which is then pushed over 
the larva^s head, and a fresh row of fragments added in front, 
until the case is ^of sufficient length. Many of the cases are 
very rough and irregular on the outside, but all are lined 
with a smooth silken layer within. 
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The cases of the genus Phryganeoj are perhaps the most 
beautiful, for they are made of small, more or less rectangular 
pieces of green leaf, Avhich have been cut by the larva, and 
so arranged that they form a spiral band round the case 
(Fig. 264, P). 

The little Trimnocles makes a similar case, but much smaller 
and more tapering (Fig. 264, T). It is a form which can 
swim freely in the water, for it is small and light, and its 
legs are unusually long, the hind legs being fringed with 
hairs. 

The genus Limnojyhilus varies verj^ much in its case-making 
taste. The species L. o'Jwmbiciis constructs the very common 
spiky case made of tinj^ sticks or green stems placed trans- 
verseljT- (Fig. 264 L.r). L. jlavicornis specially favours the 
shells of small bivalves and snails, and is even regardless of 
whether or no the shells are still inhabited by their rightful 
owners, who may be carried off and remain for the rest of 
their lives fixed to the case of the caddis. Other species of 
LivinojMhcs make curved tubes of fine sand, or straight sandy 
tubes which are often found, many together, fixed to a piece 
of stick (Fig. 264, E). 

AnaboUa cases can usually be recognised by the long pieces 
of stick that are fastened along the sides of the compact, 
central case of tiny stones, or sand, or vegetable matter. 
These long additional sticks are supposed to give the case 
greater buoyancy in the water, so that it can be more easily 
carried along by the caddis-worm (Fig. 264, An). 

Stejioj^hylax forms a case of small stones, and attaches it to 
a big stone ; this is advantageous since it lives in running 
streams, and so has to guard against the danger of being 
swept away b}^ the current (Fig. 264, S). 

Molanna forms a jiretty case of sand, the top being curved, 
and prolonged into a shield-like projection over the head and 
on either side of the bod}^ (Fig. 264, PI). 

Some caddises of the genus Ilydro^psyclie make fixed cases 
of stones, which are inhabited jointly by several larvae, who 
go out to seek their prey and then return to their retreat. 

Another very interesting form, Plectrocnemia^^ a 

loose web of silken threads to catch its prey. This genus is 
to be found hiding in the mud, under the shelter of the stones 
^ See Miall’s Aquatic Insects for Mr. Taylor’s account of Plcctrocneniia. 
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in the bed of a swifth^ flo^^dng stream. The mud is bound 
together by silk threads into a large tube, open at both ends, 
inside of which the larva waits until some small creature gets 
caught in the irregular web which stretches out for some 
distance from the tunnel. It then emerges and quickly kills 


its prey. 

The larvae of Caddis-flies are mainly vegetable feeders, 
and thev feed and crrow until the winter makes active life 

t/ O 

impossible to them. They then retire to the pond bottom, 
into as sheltered a spot as possible, and remain there, 
probably feeding a little at intervals, until the winter is 
over, when they become active again, and by late spring or 
early summer are full grown. 

Each larva then prepares for its pupation by 
pa ion. Qf Q^ze, Some species do 

this by spinning a silken grating across the open ends, others 
make a harder, gritty grating, or others 
again merely fix across some of the same 
materials of which the case is made. 

Within the closed case, in a few days’ 
time, the larva casts its skin piecemeal, and 
the soft white pupa is exposed ; on it can 
be seen the antennae, quite free from the 
body, and the legs and folded wings of the 
imago (Fig. 265). This pupa is peculiar in 
possessing several organs not 
found in the imago. There 
are respiratory hairs on the 
abdominal segments, and the 
head bears great toothed 
mandibles which 





cross over 


O' 

Fig. 266.— 
The Head of 
a Caddis 
pupa, seen 
from in 
front. 


^'offcaddk!^^x4“ 1=^®® T'g- 266). The pres- 
(After Pictet.) ence of the mandibles is 
specially interesting, since the 
imago possesses as a rule no trace of them. They are of 
distinct use to the pupa, for it is with them that it breaks 
down the covering at the end of the case, when it is ready to 
emerge ; these mandibles are shed with the pupal skin. 

The pupa retains the power of movement in its abdomen, 
and thus is able to keep up the current of water which is 
necessary for respiration. 
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Emergence After two or three weeks, the pupa breaks 
of the down the end of the case, and — still enveloped in 
Imago, i-pg pupal skin — it swims, back downwards, to the 
surface of the water, and climbs out into the air by means 
of some projecting weed, or other object (Plate III., P). 
When at a height of a few inches above the water it stops 
and rests, then its skin swells and splits, and the new Caddis- 
fly quickly emerges and flies away — the complete empty 
pupal skin remaining like a i^ujDal ghost behind. 

The imago is at first rather pallid and greenish, but it 
darkens in colour in a few days ; the antennae are thin and 
tapering, and longer than the body* the legs also are long, 
but the body is nevertheless usually held rather low down 
against any support, the drooping wings often hiding the legs. 

This is the history of the life lived by most caddises, 
though a few species differ in some details of their habits. 
There are certain small caddises which do not actually leave 
the Avater before the imago emerges, but merely float to the 
surface, Avhere the pupal skin is cast and used as a support 
by the caddis until it can fly aAvay. 

Practical Notes on Chapter XXIY. 

Caddises form a most interesting subject for study, and they 
are quite easy to find and to keep through the different stages of 
their development. They should be brought home from a pond in 
a tin with only some water-Aveed in it ; they travel better thus 
than in a jar of Avater. They need a carefully kept home ; any 
decaying matter in the Avater soon affects them harmfully. Even 
the pond forms Avhen in captivity thrive best in moving Avater ; the 
drip of a tap is sufficient in most cases. Frequently, hoAvever, they 
can be gradually acclimatised to still Avater.^ They feed chiefly on 
AA^ater-Aveed, but seem to relish occasionally a little piece of raAv 
meat. As soon as they have entered the pupal stage, means of 
exit from the AA^ater must be provided, ready for the moment Avhen 
the pupa SAvims to the surface in order to enter the air before 
it casts its skin and emerges as a Avinged creature. Interesting 
observations can be made on the construction of neAv cases by the 
caddis-Avorm AAdien it is provided Avith a A^ariety of materials from 
Avhich to choose. 

^ I liave found this to be tlie case specially in the genus Anaholia. 
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INSECTA {coniinuecl) 

Order : Diptera, or Two-winged Elies 

General The Diptera are unlike all . other insects in 
Character- having only the front pair of wings. These wings 
istics. usually membranous and transparent. Behind 

them is a pair of very small, club-shaped structures, known as 

‘‘halteres^' or ‘‘balancers,’^ which 
appear to represent the second pair 
of wings usually present in in- 
sects j these halteres are sometimes 
covered, or partially covered, by a 
lobe of the front wing called the 
‘‘squama’’ (Fig. 267, s). 

The three divisions of the thorax, 
which are distinct in many insects, 
are, in Diptera, fused together in one mass, thus giving a 
firmer support to the muscles of the wings. The head bears 
a pair of very large compound eyes, usually larger in the 
male than the female, and also three small simjile eyes 
or ocelli. Placed close together at the top of the head is a 
pair of antennae which vary considerably in form among the 
different families of Diptera, and supply one of the character- 
istics by which they are distinguished. The mouth-parts are 
modified for piercing and suction, often forming, as in house- 
flies, a short trunk or proboscis ; the homology of the various 
structures which form it is, however, A^eiy uncertain as yet. 

The metamorphosis is complete and very striking; the 
larva in house-flies and blow-flies is a small legless grub known 
as a maggot, and the pupal stage is remarkable 'for the dis- 
solution of the whole body of the larva into a structureless, 
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Fig. 267. — A Dipterous Fly 
{Syrphus). 

5, Squama. 
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creamy, or jelly-like mass, from which there gradually 
develops the form of the pupa and then that of the perfect 
fly. In aquatic Diptera the larvae are free-swimming and 
have a more complicated structure. 

The abdomen of the imago bears no appendages ). the 
number of segments visible on it varies from four to nine, there 
being often more visible in the male than in the female, 
owing to some segments in the latter being indrawn at the end 
of the body. There may be seven pairs of abdominal spiracles. 

The subdivision of the Diptera into natural 
difficult, and until the group has been 
more studied it may be well to continue to use 
the old subdivisions of the order — the Nemocera (iiema^ a 
thread ; keras^ a horn), those with jointed, delicate' antennae 
not ending in a bristle, and with a naked, mummy-like 
pupa; and the Brachycera (bracJms, short'; Iceras, a horn), those 
with short antennae of usually three joints, the last bearing 
a bristle either basally or terminally; these latter forms 
usually also have their pupae enclosed within the last larval 
skin, which becomes more or less chitinous ; within the cases 
so formed, the body breaks down into a creamy mass, and 
only after some time does the recognisable pupa develop. 
The order is a huge one, including already over 40,000 
known species, and so each sub-order is again divided into 
maii}^ families, of which only a few can be touched upon here. 


Sub-order 1 : Bracbycera (the Short-horned Flies). 

Family 1 : Muscidae (House-flies and Blue-bottles or 
Blow-flies) 

The families of the Diptera are very difficult to define 
concisely, for there are very few characteristics peculiar to 
any one family, it being rather by a group of characteristics 
occurring together that they are known. The Rhtscidae,'^ 
however, nearly always have antennae which are sunk into 
a concavity on the face, and which have a feathered bristle 
sj)ringing from the base of the terminal joint; ‘‘squamae” 
ai*e present and hide the “ halteres.” 

^ See The Book of the, Fly^ by G. Hiirlstone Hardy. (Heiuemaun, 
2s. Gd.) 
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The Head. 


Tyi^e: The Cominon House-fly {Musca domestica). 

These flies are only too well known to all, and are justly 
disliked on account of their habit of feeding on our food and 
soiling everything on which they settle, a 
habit more dangerous to us than is gener- 
ally realised, for flies are now known to be 
the means of distribution of many poisonous 
germs. 1 Their irritating buzz is j^roduced 
by the vibration of their wings. The flies 
Fig. 268 .— Antenna found in houses belong to several different 

domestica, which is most 
abundant in the late summer, can be dis- 
tinguished by the four black streaks which run longitudinally 
over the front part of the thorax, and by the single streak 
along the back of the abdomen. The rest of the body is 
greyish in hue, except for the base and under side of the 
abdomen, which are mostly yellow. 

The head bears two large compound eyes, tliree 
simple eyes in front, very small but character- 
istic antennae (Fig. 268) and, below, the peculiarly modified 
trunk or proboscis. This proboscis is a tube, formed apf)ar- 
ently from the labrum and labium, the mandibles and 
maxillae being absent; hence these flies cannot sting as do 
those in which these parts are present as needle-like, piercing 
organs. In front the proboscis bears 
two small, un jointed palps, and 
its tip is expanded into two lip- 
like pads (Fig. 269, _p), which are 
traversed by many small canals.^ 

When feeding on any solid matter, 
such as a lump of sugar, saliva is 
discharged from the mouth and 
passes down the tube into these 
canals, and on to the outer surface 
of the pads. These are then rubbed 
over the surface of the sugar, which, 
being dissolved by the saliva, can 
then be drawn up by the proboscis into the mouth. When 

^ See House Flies and Roio they Spread Disease, by C. G. Hewitt, D.Sc. 
(Cambridge Manuals). - See Schmeil’s Textbook of Zoology. 



Fig. 269. 

A, Head of a fly from the side ; B, 
proboscis seen from in front, 
a, antenna ; p, pads of pro- 
boscis ; /, palps. 
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The Foot. 


not in use, the proboscis is withdrawn, lying in a little 
hollow on the under side of the head. 

As in all the family, the thorax bears only one 
The Thorax. small membranous wings for hying, and 

the ‘‘ haltei’es or “ balancers,^’ each of the latter being 
partially covered by a lobe of the front wing, the “squama.” 
Below the thorax are attached the three pairs of hairy, 
jointed legs, with which the hy may be seen frequently 
cleaning every part of its body. Each leg ends in a hve- 
jointed tarsus, and the last joint bears two well- 
developed claws, under each of which is a pad 
covered with fine hairs. These 
hairs exude a sticky fluid when 
the pad is pressed against a flat 
surface, and this enables the fly 
to run up slip]Dery window-panes 
with ease ; the pads are first 
pressed against the pane, causing 
the hairs to adhere, and are then 
drawn up again obliquely, so that 
the attachments of the hairs are 
snapped one after the other. 

Over a hundred 

history. eggs are 

laid by the fly on any 
damp collection of debris on which 
the little white, legless maggots 
can feed when they hatch, -sV-hich 
they will do after a day or two. 
after two moults, the larva pupates inside the larval skin, 
which shrinks into an oval, brown, shell-like structure (see 
Fig. 272 for similar stages in the Blow-fly^). Inside this, 
the curious metamorphosis already described (see p. 367) 
occurs, and in about a fortnight the perfect fly will emerge, 
the time taken to complete the metamorphosis varying 
with the temperature. Many pupae are said, however, to 
persist through the winter, the flies emerging the following 
spring. Most of the adult flies die in the autumn, but some 
seem ‘ to hibernate in dark corners, and may become active 
again any mild day in winter. 

1 Hewitt, qjM.8., 51, 1907, p. 395. 



In less than seven days. 
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Fig. 271.— The Blow-fly 
[Qcdliphom vomitoria). ( x 2.) 


The Blow-fly Blow-fiy {Calli])lwrci vomitoria), with, its 

or Blue- sliiiiing blue abdomen, is common eveiy where, 
bottle. long, narrow eggs are laid on meat, perhaps 

200 of them together, 
and the legless mag- 
gots, known to anglers 
as “gentles,^’ bury them- 
selves in the meat, and 
eat voraciously for four 
or five daj^s, by which 
time they are full-grown. 
Each maggot then bur- 
rows in the earth if 
possible, or retires to 
the most sheltered 
corner available, contracts its body to a regular, oval shape, 
and then, without casting its larval skin, enters the resting 
stage. The skin liardens and turns brown, forming the 
‘‘puparium,’^ and the body vdthin undergoes the same 
curious dissolution as in the House-fly. In four or five days, 

however, the white 

pupa is to be found 
within, and in time 
this breaks one end 
of the enclosing co- 
coon by beating on 
it with its head ; 
then, pushing off 
the end as a little 
cap, the fly emerges; 
soon its ^vings expand, its colour darkens, and it flies off to 
find a mate. 



Fig. 272. — Stages in the Life of the Blue-bottle. 
A, Egg.s ; larva or inaggot ; C', pupa. (x2.) 


The Tsetse -fly (Glossina morsitans), which is 
fly ^ serious plague in Central and East Africa,- 

is closely allied to the Blow-fly. It pierces the 
skin and sucks the blood of cattle, and in so doing intiB- 
duces into the blood of the healthy animal the germs 
of a disease known as “nagana” or ‘‘fly-disease,” Where 
these flies abound, this disease may exterminate whole herds 
of cattle. 
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Family 2 : Syrphidae (the Hover-flies) 

Hover-flies are very plentiful in every garden, 
Syrplius they may be seen hovering over the flowers 

in the sunshine. With body motionless, and 
so 
be 


Hover-fly 
or 


wings vibrating 


rapidly as to 
almost indistinguish- 
able, they feed on 
the pollen of the 
flowers, and then dart 
rapidly away. 

They are rather 
large flies, often hairy, 
and of a brown 
colour usually barred 
with yellow, rather 

bees or wasps 



Fig. 273. — A Syrphid Fly, enlarged to show 
Wing Venation. ( x 3. ) 


resembling 


at the first glance, though their 
thick bodies, with no sign of the remarkably slender “ waist 
of bees and wasps, very readily distinguish them when more 

carefully observed. Moreover, 
the veining of the wings is quite 
peculiar and characteristic, for at 
the free edge of the wing are two 
nervures which run j)arallel to 
the edge and are not crossed 
by any of the longitudinal 
nervures; just behind these 
there is a deep bay (Fig. 273). 

Many of these Hover -flies 
havelarvae which live on plants in 
the garden, feeding on the green- 
fly, which they transfix on the 
three sharp points of their mouth- 
organs and hold aloft as they 
feed. They are soft, white, legless 
grubs, tapering in front (Fig. 
274). They constantly stretch 
and contract their bodies as 
they creep along after their prey. 
They pupate on the plants, the larval body contracting and 



Fig. 274 . — Syrijhus sdeniticus 
(the Hover-lly), showing dillerent 
stages in its life-liistoiy. (Natural 
size.) 
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then separating from its skin, which forms a rather pear- 
shaped white case round the bodj^, which is transformed 
within. The fly emerges in about ten days ; it is at first 
small, with tightly crampled-u2D wings, but in a quarter of an 
hour it attains its perfect form. 

Volucella Vol%celki is another common s]Decies of Syrphid. 

It lays its eggs inside the nests of humble-bees or 
wasps, and it used to be thought that the larva fed on the 
young bee and wasp larvae. Eecent investigations, however, 
seem to show that this is not so, but that the Vokicella larvae 

are useful to their hosts, for they 
act as scavengers, feeding on the 
waste matter and dirt of the 
hive. 

Eristalis ETistd'is^ another 
tenax (the member of the Syr- 
Drone-fly). jg peculiar in 

having an aquatic larva of a very 
interesting and unusual type.’ 
This black, hairy Drone-fly ” is 
rather bee-like in form ; it is a 
strong, active fly, a little over 
an inch long. It lives on the 
honey and pollen of flowers, quit- 
ting, however, the fresh sunny 
garden to lay its little packets 
of white eggs on the surface of 
the dirtiest, most putrid water it 
can find, often in a manure tank. 
The larva, when it hatches out, 
spends its time creeping over the 
mud and debris at the bottom, 
feeding on the decaying organic 
matter, but always keej)ing up 
communication with the air above 
the water by means of the curious 
telescopic tail through which it breathes. This stage is a 
strange contrast to its later life, when it flies freely in a garden, 
and we are perhaps inclined to think of it as an undesirable 
inhabitant of our tanks, though, as a matter of fact, it lessens 
rather than increases the putrid condition of the water by 



E, Eggs ; L, larvae, “rat- tailed mag- 
gots ” of two ages, one crawling 
on the mud, the other suspended 
from the surface. (Nat. size.) 
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feeding on the decaying matter in it. The appearance of the 
larva is shown in Fig. 275. It has a greyish-white, soft body, 
about I of an inch long, with seven pairs of short processes 
underneath, armed with fine hooks by means of which it 
crawls along. The head is also soft and rounded, bearing 
the mouth on its under side \ just above this are two very 
small processes which appear to be sensory. The mouth 
leads into a peculiar throat which can be dilated, and then 
acts as a suction pump drawing in the food.^ 

The tail is, however, quite the most conspicuously remark- 
able structure possessed by the larva, and this organ has 
earned for it the name of the Fiat-tailecl Maggot It can 
be held at any angle to the body, and is capable of great 
variation in length, so that within limits, whatever the depth 
of the water, the tail is adjusted so that its tip just reaches 
the surface j the greatest length attainable seems to be about 
4-J- or 5 inches, and this is a good deal when 
the size of the larva is considered. The 
variation in length is due to the fact that the 
terminal, dark-coloured, thinner portion of the 
tail can be withdrawn into the wider, tubular 
part below, and the latter can itself be also 
contracted, the whole surface being drawn 
into transverse wrinkles, until it is only about 
half an inch long. The tail has at its tip some 
little recurved bristles which spread out on 
the surface film of the water, exposing to the 
air the spiracles connected with the two air- 
tubes that run side by side down the tail to 
join the main tracheae of the body (Fig. 276). 

When full-grown the maggot usually leaves 
the water and enters the earth 
where this is damp and loose, 
and there pupates inside its 
larval skin. The body and tail 
shorten, two short breathing- 
tubes grow out on the thorax, 
the skin turns brownish and hard, 
and the body within undergoes 

^ See the account based on J. J. Wilkinson’s investigations given in 
Natxmd History of Aquatic Insects, by Professor L. C. Miall. 




Fig. 277. — The 
Pupa of a 
Dr one- fly. 
(Nat. size.) 


Fig. 276. — The 
upper end of 
the Tail of a 
Drone-fly larva. 
S, Spiracles. 
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changes similar to those in the Blow-fly. In eight to ten days the 
cocoon (larval skin) is broken at one end, and the fly emerges. 

There are two broods in the year ; the flies may emerge in 
the earl}^ spring or in the late summer. 


Family 3 : Strati omvidae (the Chameleon-plies) 

The family of the Stmtiomyiclae is a large and varied one. 
The hies are usually big and rather bee-like, and from the 
hind margin of the thorax there pro-, 
ject two very small spines which 
give the name of “ Stratiomys ’’ or 
“ Armed hy ” to the tyjDical genus. 
The wings are rather small rela- 
tively, and have a simj)le, but well- 
marked, nervature. 


The Common Chameleon-fly 

(Stratiomys chamaeleon). 

This is a strong, active fly, decidedly 
bee-like in appearance. The thorax 
is 

Fig. 278. — The Chameleon- 
fly {Stratiomys chamae- 
Icon). X 2. 

Side view ; s, squama ; R, dorsal 
view. 

and rather flat abdomen is 
black with yellow mark- 
ings, and the wings do not 
reach beyond it. It may 
often be seen feeding on 
the nectar of flowers, or 
near the water preparing 
to lay its eggs, for in this 
case again the larvae are 
aquatic. It has a rapid, 
short flight, and very often 
flies off only to return to 
the same spot. The eggs 


thick and muscular; the broad 



Fig. 279. — Stratiomys chamaeleon. 

On the left, leaf with eggs ; on the right, 
two larvae, one resting at the surface and 
one swimming downwards. (Nat. size.) 
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are narrow, spindle-shaped, and dark brown ; they are laid 
in irregular, overlapping clusters on the under sides of the 
leaves of some water-plant — frequently the water j^lantain — 
which rises a little above the water level in 
some stagnant pond or ditch (Fig. 279). 

The little larva when it hatches makes its 
way rapidly down into the water, appar- 
ently pulling itself along by the well- 
developed pair of apj)endages on its head 
(Fig. 280, j;). When it reaches the water, 
it floats at the surface, lying at first hori- 
zontally, but ultimately taking up a more 
or less vertical position, head downwards. ogo— The Head 

It is supported in this position by the of a very young 
beautiful circlet of hairs that surrounds the larva of the 
end of the tail These hairs spread out, Chameleon-fly. 
forming a little basin filled with air, and the surface tension 
between the water film and the' hairs is sufficient to support 
the body. Into the little air-basin open the S2oiracles at the 
tip of the tail. The larva is at first white and transparent, 
but when full-grown it is yellowy-brown in colour, and may 
be 2 inches long. It hangs almost motionless, feeding on the 
microscopic organisms which pass in the water, driving them 
into its mouth b}^ the movements of its palps. If alarmed, the 
larva quickly draws its tail circlet of hairs together, enclosing 
a little air-bubble in their midst, and dives down into the 
water with a wriggling movement; there are no traces of limbs 

or special appendages of 
any sort to aid in loco- 
motion. On ceasing the 
attempt to descend, it 
floats up to the surface 
again. Although the larva 
breathes onl.y through its 
tail, there is a pair of 
spiracles on each segment 
of the body except the 
second and third. These s|)iracles, however, are not func- 
tional in this stage. 

When the time comes for the change to the pupa, the 
larva may leave the water, or it may remain floating at the 



Fig. 281. — The Pupa of Stratiomys 
chamacleon, floating. (Nat. size.) 

Tlie dark tody of the fly can be seen in the 
front pait of the otherwise empty skin. 
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water surface, the body now becomino; almost horizontal 
(Fig. 281). 

The larval skin is not cast off, but hardens and remains 
as a loose case, the pupal body within it only occupying 
a quite small space at the head end. The pupa is enclosed 
by a little silken cocoon, and it lies motionless within the 
larval skin. After a few days the outer skin splits across 
the thorax, usually just behind the first segment, and 
then down the middle line for two segments and across 
the fourth segment of the body, the big fly pushing open, 
as it escapes, the little “ cupboard doors so formed. In 
spite of its heavy body, the fly is able to stand on the 
surface film of the water, and its hairiness prevents it 
from getting wet as it emerges. After a short while the 
wings unfold and stiffen, and then it flies away. The eyes 
of this fly when first it emerges are wonderful to see in 
their brilliancy. 

Practical Notes on Diptera Brachycera 

1. Study the flies to be seen about the house, and try to dis- 
tinguish the different species which are most common.^ 

2. Obtain a little “ fly-blown ” meat and watch the develop- 
ment of the Bloiv-fly. Keep a record of development, and sketch 
all stages. 

3. Search the leaves of rose-trees, limes, sycamores, or any plants 
infected with Aphides for the larvae of the Hover-Jly. Separate 
one and test its efficiency as an Aphis destroyer. Keep it until it 
pupates and the fly emerges, making notes on the development. 
Watch the flies in the garden hovering over the flowers, and learn 
to distinguish them by their flight and colouring. 

4. Obtain some Drone-Jly eggs or larvae from a manure-tank or 
dirty rain-water tub, and keep them in a wide shallow jar of rain- 
water, with plenty of decaying vegetation at the bottom. Watch 
the movements of the E-at- tailed maggots ’’ which hatch from the 
eggs, drawing them to scale. Put one first in shallow water, then 
add water to the vessel, and note the extension of the tail, and 
sketch again to scale. Put the full-grown larva into a shallow 
dish, with an earth bank rising above the water at one side, and 
note the date of pupation and later the date of the emergence of 
the fly. Make notes on the appearance and structure of the fly. 

^ See Prof. Miall’s House, Garden, and Field, chap. xix. 
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5. Look for the eggs of the Ghameleoiirfly on the leaves of water- 
plants which rise above the level of the water ; keep them care- 
fully in a similar position in your aquarium, and as soon as they 
hatch, study the movements of the larvae. Follow the whole life- 
history, making a series of illustrative sketches. 


CHAPTEE XXVI 


INSECT A (continued) 

Order : Diptera (continued) 

Sub-order 2 : Nemocera (Thread-borne d flies). 

Besides the types of Diptera described in the previous 
chapter — in all of which the perfect insect was a thick-bodied 
fly, more or less resembling a blue-bottle fly in general form — 
there are others which resemble, instead, a gnat or midge, 
having long, slender legs and long, narrow, usually hairy 
wings; also they possess the many- jointed, long antennae 
which give the name of Nemocera to this sub-order (see p. 367). 

Here again many families are included. 

Family 1 : Gulicidae (Gnats, Mosquitoes, etc.) 

The Oulicidae are characterised by their long, projecting 
proboscis, and by their plumed antennae. 

Type : The Common Grey Gnat (Cute?: pipiens). 

These buzzing, iiTitating little creatures, with their annoy- 
ing sting, are perhaps only too familiar to us in their winged 
state, and it may be that we approach the study of their life- 
history without much pleasurable anticipation ; but we are 
rewarded by the discovery of a story of unexpected interest, 
displaying at every stage curious modifications of structure 
and of habit to suit the changeful life they lead. 

The form of the winged imago is shown in Fig. 

mago. 232 . The male can be at once distinguished from 
the female by his very bushy antennae and much longer palps ; 
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also he does not usually sting and draw blood from a living 
prey as does his mate, but 
lives a harmless life, sip- 
ping the nectar of flowers. 

Correlated with this 
difference in food and 
habit, we find a difference 
in the mouth-parts of the 
sexes. In the female, 
the lower lip or labium 
is much elongated, and is 
soft and deeply grooved, 
forming a trough in which 
lie five very sharj^ly 
pointed, almost thread- 
like rods (Fig. 283). The 

Fig. 282. — The Common Grey Gnat {Culcx 
2>ipicns), in characteristic attitudes 
when at rest. 

The male above, the female below. The actual 
length of body is J of an inch. 

two finest of these correspond to the 
mandibles (Fig. 283,m?ifZ), and the two 
slightly coarser rods, which have ser- 
rated tips, to the maxillae (Fig. 283, 
ma;), whilst the fifth, unpaired rod is an 
outgroAvbh of the roof of the mouth, 
not found in other insects, and called 
technically the “ hypopharynx,’^ Fig. 
283, h'ljpo). The labial trough is 
closed above by the upper lip or 
labrum, which is also long and 
slightly grooved, and thus forms 
with the labium a flexible tube. 

Fig. 283.-HeadofaFenmle ^lie tip of the labium ends in two 
Gnat, with the mouth-parts little fleshy lobes which are pressed 
artificially separated in firmly Oil to the skill of her victim, 
order to show them all. prepares to bite; the 

lab, Labuim ; lahr, labrum ; mx, jancets are foi’ced into the flesh, 
7 t 7 /po, iiypopharynx. being kept steady by the terminal 
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the gnat’s head 


part of the lower lip, though higher up this separates 
from the lancets and bends backwards as they enter the 
skin, and so the distance between this and 
is lessened. 

The blood is drawn up by the suction caused by the 
dilatation of part of the oesoi^hagus. The gnat not only 
pierces the skin and sucks up the blood of its victim, but 
is said also to inject into the wound a poisonous fluid which 
causes irritation and inflammation ; no poison-gland, however, 
has yet been demonstrated. 

The male gnat has a similar proboscis, but it contains 
two pairs of simple, unserrated lancets only ; also there is no 
similar power of suction in the oesophagus, and it is doubtful 
whether he ever stings. 

The buzzing of a gnat is caused in two ways : 
Buzz deeper notes, by the vibration of the wings in 

flying ; the shriller notes, by the vibration of 
minute, stiff membi\anes, placed just behind the spiracles, 
which occur in a row down each side of the body. The 
shrill buzzing seems to be confined to the female gnat, and 
serves to attract the males ; their bushy antennae have been 
shown to be thrown, by this special pitch of note, into 
sympathetic vibration, and swarms of them can be attracted 
by sounding this note artificially. 

The E s mating, the female fly makes her way to 

® watei', in a ditch or rain-water tub perhaps, and 
there she lays her eggs on the surface, two or three hundred 

of them. As they are laid, 
she arranges them with her 
hind legs and glues them 
together, side by side, mak- 
ing a little floating “raft” 
of eggs (Fig. 284) ; these 
are all pointed at their 
upper end, and between 



Fig. 284. — The Gnat {Culax, jyipiG'iis), 
Eaft of Eggs floating in tlie water. ( x 4. ) 


the points a bubble of air is securely held, so that, if the 
raft is submerged or upset, it always floats to the surface 
and rights itself again. This is of importance, since the eggs 
require plenty of air for their development. After two or 
three da}-s, the eggs hatch, the lower end of each separating 
off neatly as a little hinged lid (Fig. 285). 
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The Larva eacli egg emerges a small transiDarent 

' larva, which at once begins to swim actively 
through the water, with the rapid contortions of body which 
have earned it the name of “ wriggler,” 
by which it' is known to children. 

The larva, though able to swim so 
rapidly, when undisturbed will remain 
for a long time floating motionless, in 
a vertical position, head downwards, 
at the surface of the water (Tig. 286), 
and its structure can then be well seen 
with the aid of a hand lens. Fig* 28.5. — Culex 2 n{piens. 

The head, thorax, and segmented 
abdomen are all distinct, but there are lawae having hatched 

no paired appendages at all, except on from them. { xl2.) 

the head. The mouth has on either 

side of it an appendage beset with hairs. By the constant 
motion of these, water, together with any microscopic organ- 
isms it may contain, is driven into the 
mouth, and thus food is obtained. (Com- 
jDare the Chameleon-fly larva, p. 375.) 

Respiration eighth segment 

in the of the abdomen there pro- 
Larva. jects obliquely upwards to 
the surface of the water a little tube 
(Fig. 286, 7‘), which terminates in five 
small valves. These spread out at the 
surface into an air-containing basin, just 
as does the circlet of hairs of the 

Chameleon-fly larva, and here also they 
enable the larva to hang motionless from 
the surface film, with its heavy head 
downwards, taking in a fresh supply 
of air through the spiracle at the 

end of the tube. This spiracle is in 
Fig. 286. — Larva of communication with the two great 
Ciilex 2 n 2 nens. (xl6.) tracheae of the body, which can be 

r, Respiratory tube ; clearly seen through the transparent 

skin. 

Movements When the larva is about to leave the surface, 
of Larva, the valves close over the spiracle, and, being no 

2 G 
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longer held up by the surface tension on them, the larva sinks 
to the bottom. In rising again, it jerks its whole body, and 
also uses the special swimming organ which projects laterally 
from the last segment of the tail, ending in four lobes, and 
bearing at one side a plate of stiff bristles which possibly serve 
as a rudder to guide the movement through the water. 

The P a three weelcs, the larva moults its 

The Pupa. third or fourth time, and at this last 

moult it changes its shape com- 
pletely and becomes a 2m]JCL It 
now floats head uppermost, and 
the rudiments of the eyes, wings, 
and appendages are clearly visible 
through the pupal skin which 
covers the big, rounded mass at 
the front end. The abdomen is 
little changed, except that to the 
eighth segment is attached only 
a single pair of tail-flaps,/’ which 
are used in swimming; for this 
pupa, though it does not feed, 
is not always quiescent like 
most other insect pupae. If 
touched, it at once darts down in 
the water, only to rise to the 
surface again as soon as it stops 
struggling. Since the head-end 
is now uppermost, we find that 
the pupa breathes through two little trumpet-shaped tubes 
on its head, the tail tube being entirely absent. The inner 
surface of these ‘‘trumpets” is hairy, and so water is pre- 
vented from entering them. 

Finally, when the body of the imago has been 
perfected within, the skin splits along the back 
between the two air trumpets, and the perfect insect 
begins to emerge. The head and thorax push up first into 
the air, and then the legs and. wings are carefully withdrawn. 

The few moments before the tips of the legs are free are 
the most critical in the life of the gnat, for the top-heavy 
body is supported merely by the frail bark made of the pupal 
skin, and the least breath of air sends it scudding across the 



Fig. 287. — Puj)a of . the Common 
Gnat {Oulex in^nens). ( x 12.) 

r, Respiratory tubes. 
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water, and may upset it and drown the fly. However, when 
once the legs are free this danger is over, for they immediately 
spread out on all sides of the old skin on the surface film of 
the water, making the equilibrium of the body stable once 
more, and so the insect can rest secure until strong enough 
to fly away and fulfil her destiny. 

The Spotted Gnat or Mosquito {Anopheles maculipennis). 

The Spotted Gnat also occurs in Britain, and is widespread 
in warmer countries. It can be recognised by the four dark 
spots on each wing; also, when at rest, it does not hold 
its back legs so high in the air as does the common gnat, and 
its body is straighter. This is the gnat which is responsible 
for the malaria of South European and tropical countries. 
The disease is due to a microscopic germ in the red blood- 
corpuscles of man, and the gnat, passing from one victim to 
another, and drawing blood from each, carries the infection 
and thus spreads the disease.^ 

The eggs of the Spotted Gnat can be recognised by the 
fact that they are not laid in a raft-like mass, but are spindle- 
shaped, and lie separately and horizontally on the water, 
supported by two little lateral air-sacs like small blisters. 

The larvae also lie horizontally on the surface, supported 
by five pairs of small, stellate hairs on the back of the 
abdomen ; they have a very short, dorsal prominence on the 
eighth abdominal segment, which bears two spiracles. From 
the end of the tail projects an unpaired row of stiff hairs and 
three tufts of hairs. 

The pupae are very similar to those of Gulex^ but are 
green. 

The Phantom-fly {Corethra plumicornis), 

Corethra is another member of the Culicidae. It is better 
known perhaps in. its larval than in its winged state, for its 
curious transparent “ phantom larva,” when once seen, cannot 
but arouse interest. 

The Ima o winged insect closely resembles a gnat, 

^ ' and the male has similar conspicuous, plumed 
antennae, whilst in the female they are small. 

^ See MosgfitUocs and their Relation to Disease (British Museum Economic 
Pamphlet, No. 4, price 4d.). 
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The e(jcj^ are laid on the surface of a fairly clean pond in 
a flat sheet of jell}’^, in which they lie in spiral lines. 

The Larva larva (Fig. 288) grows to about half an 

inch in length, and is transparent for the most 
part, so that when motionless it is quite difficult to distinguish, 
the only noticeable parts of the body being the dark compound 



Fig. 288. — OordKra 'plumicornis (the ‘‘ Phantom larva ”). 
Mandible ; mx, maxilla ; ant, antennae. 


eye-spots on the head, and the air-sacs with their dark pigment 
on the thorax and on the seventh abdominal segment. When 
disturbed, the larva moves with great rapidity, flicking its 
tail, and then quickly becoming once more motionless. The 
movement is aided by the vertical fin of stiff, plumed hairs which 
is attached below the tail segment of the body, and corresponds 
to the vertical fin in the gnat larva. 

This “ phantom feeds on any minute larvae 
Larva ^ or crustaceans in the water, seizing them with its 
antennae, which are modified for this prehensile 
function, and then crushing them and passing them into the 
mouth with its strong toothed mandibles, the maxillae and 
labium also helping in the process. 

Professor Miall tells us that this solid food passes into 
the mouth but no further, the back of the mouth being closed 
by a fringe of stiff hairs. The food, therefore, is dissolved by 
the secretions of the mouth, and only the liquid portion 
passes on into the stomach, the insoluble particles being 
expelled from the mouth by the eversion of the pharynx. 

Kespiration seems to take place through the 
^oTliSva^^ whole surface of the . body, for there are no 
spiracles. The two pairs of air-sacs^ which are 
enlargements of the two air-tubes of the body, alone, of all 
the tracheal system, contain air ; their surface is marked 
by spots of black pigment, which, it is suggested, may have 
something to do with the chemical process by which these 


XXVI 


INSECTA: DIPTERA 


385 


air-sacs, empty in the young larva, are filled later. Doubtless 
the sacs function as floats to support the body. 

The Pu a change to the pupal condition is accom- 

panied by a change in position as well as an 
alteration in shape. 

The head-end swells up, as in gnats, into a large, rounded 
mass, in which the compound eyes, 
antennae, legs, and wings of the adult 
can be distinctly seen. The abdomen 
remains long and segmented, but termi- 
nates now in two pairs of delicate tail 
flaps (Fig. 289, a), which, as in the gnat 
pupa, can be used in swimming if the 
pupa is disturbed. The movement is 
a cpiaint one to watch, for it is Amry 
sudden and in a vertical direction 
doAvnwards, giving the pupa the ap- 
pearance of making a series of rapid 
curtseys. If undisturbed the pupa floats 
head uppermost, either at the surface 
or a little way beloAV. From its head- 
mass there projects a pair of breathing- 
tubes Avhich can make communication 
Avith the air above the Avater, 

From this pupa the imago emerges 
much in the same aaw as in the 


Family 2 : Chironomidae 
(Midges) 

The members of this family 
are very gnat-like in form, but 
they have no.jirojecting moutli- 
Fig. 290.-— The Harlequin-fly {Chiro- tube Or proboscis and 110 pierc- 
nomus) 9 , in characteristic resting . 

attitude with the front legs raised or SUcking mouth - parts, 
and projecting above the head. The AAUllged insect probably 

never feeds. Further, Avhen 
at rest these midges raise the front legs, using them as 


gnat. 




Fig. 289 . — Qoreihra 
2 ylumicornis. (Pupa. ) 

a, Tail aiipendages for swim- 
ming ; breathing-tubes. 
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feelers, whilst the true gimts rest usuallj^ with their hind legs 
raised. Here, as in true gnats, the males have bushy 
antennae, whilst in the females they arc scanty and thin. 


Ty;pe : The HarlecLuin-fly (Chironomiis). 

. The liarlequin-fly is usually mistaken for a gnat, but it is 
really quite a harmless midge that cannot sting. On the 

window-pane it can easily 
HAt: s*« ]j 0 distinguished from a 
gnat by noting its charac- 
^^ 2 , teidstic attitude (compare 
Figs. 290 and 282). Like 
a gnat, the Harlequin 
Fig. 291. —Eggs of Qhironomus, seeks water when about 
Upper diagram, egg-rope entire; lower diagram, tO lay her OggS. 

a small piece cut across and drawn to show The e^f^'S 

the regular arrangement of the eggs. EffSTS. ^ 

are laid in a 

gelatinous rope, sometimes nearly an inch long, which is 
moored at one end to some object, frequently to the side of 
the rain-water tub in which the eggs are so often to be found. 

The Larvae larvae are bright red in colour, and are 

e arvae, known as Mood-worms. They may be an 

inch long when full grown, and they swim very rapidly in 
the water, contorting their bodies into loops, and even figures 
of eight, as they move, and so earning the name of “ Flarle- 
quins.’^ Although they are very frequently to be seen swim- 
ming freely in the water, especially at night, normally they 
make for themselves little, nearly vertical tubes of earth, either 
at the water bottom, or on the side of the vessel they are in, 
sticking the particles together with a silky, salivary secretion 
from the mouth. In this tube they shelter, holding on to 
their cases probably with the hooked lobes at the end of the 
body. 

Their food consists of vegetable matter or of particles of 
organic substance in the soil which they swallow, and which 
often makes the whole intestine appear dark through the trans- 
parent skin (Fig. 292). On the head are two short antennae, 
and, round the mouth, mandibles and rudimentary maxillae. 
On the segment just behind the head, and also on the last 
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abdominal segment, is a pair of small lobed processes set with 
minute hooks which aid the larva in moving along its mud 
burrow. 

Eespiration is of special importance to a larva living below 
the surface in dirty and stagnant water, as the Harlequin 
larva does. The gnat larva in the same tub or pool must 
come to the surface frequently to breathe, but the ‘‘blood- 
worm can stay below for many hours, though at times it 


seems that it is necessarj^ for it 
to leave its mud-tube and swim 
about near the surface in order 
to take in oxygen from the 
purer, better aerated surface 
water, through the long gill 
tubes filled with blood, which 
project from the last segment 
but one of the body, and prob- 
ablji^ also through the much 
smaller but similar processes on 
the last segment (Fig. 292). 
The blood is red because of the 
presence in it of haemoglobin, 
which doubtless acts here, as it 
does in higher animals, as an 
ox^^gen- carrier, very readily 
combining with the oxygen in 
the water and carrying it in the 
blood to all parts of the body. 
The circulation of the blood is 
caused by the action of the 
tubular heart which may be seen 
23ulsating near the hinder end of 
the body on the dorsal side. 

It is to be noted that there is no 
functional tracheal system in this 
larva; the air-tubes that are pre- 
sent are rudimentary and closed. 

When the larval 
The Pupa. complete, the 

last larval skin is shed and the 
half out of the mud-tube, and the 



Fig. 292 . — Chironomus Larva. 

j)upa ajDjDears, at first lying 
n, after a day or two, floating 
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up to the surface. It has a thickened head-end in which the 
organs of the adult can be seen packed away below the ])upal 
skin (Fig. 293). There is a long, segmented abdomen, the 
last segment bearing a pair of processes, each fringed with 
long, stiff hairs which aid in the locomotion of the pupa. 



Fig. 293. — Pupa of Chironoinus. 

(Its real size is shown in the small figure.) 

Eespiration takes place through two conspicuous bunches of 
fine white hairs which project upwards from the front of 
the thorax. These are tracheal gills, not blood gills like those 
on the abdomen of the larva. The pupa may swim in the 
water, though it usually rests motionless at the surface. In 
time the pupal skin splits, and after a very brief pause, of a 
few seconds only, the perfect Harlequin-fly rises into the air. 

^ For a full, detailed account of Chironoinus see The IIarUc£uin Fly, by 
Miall and Haramond. 
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Fly^ i^Tamjimi), 


Tlie Splay-footed 

^ Another fre- 

The Larva. , . , r 

quent inmate oi 

the same rain-water tub as 
the larvae of the G-nat and 
the Harlequin, is the Tanypus 
larva, a small, yellow-brown, 
thread-like creature which 
swims actively through the 
Avater with serpentine bends, 
but Avithout the complicated 
.tAAUsts of a Harlequin. Like 
the latter, this lai'A^a makes 
mud-tubes, but it leaA^es them 
Amry frequently. The head 
bears a pair of antennae that 
can be completely AAuthdraAvn 
Avithin it. The first segment 
of the body bears a pair of 
hooked structures fused at the 
base, and the last segment 
bears a similar pair, but 
larger and AAudely sejiarate 
in this case ; in all these, 
the circlet of hooks can be 
AvithdraAvn Avithin the soft 
flesh. In SAvimming the hind 
appendages move Avithaquite 
regular stroke, their tips and 
the hooks being first indraAAui 
and then suddenly shot out 
again, separating as Avidely as 
possible. The fused append- 
ages in the first segment are 
used chiefly Avhen moving over 
a surface, AAdien the Avhole 
body seems to be pulled and 
hitched forward on them as on 
a kind of crutch. The last segment bears four little gills and 
tAVO other processes, each having on it a bunch of still’ hairs. 

^ The name refers to the peculiar appendage.s of the larva. 



Fig. 294 . — Tanyims (larva). 

?i, Fused front appendages ; swimming 
appendages; gills. Egg cluster is x*2. 
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The pupa also is aquatic, and resembles that of 
The Pupa. having much the same shape, and a similar 

pair of respiratory tubes on the thorax. It is, however, of a 



Fig. 295. — Tamjim.s (pupa). 
Respiratory tubes. 



Fig. 296. — Tanyjms. 

Tail segments enlarged to show 
the stiff hairs, h, and also 
the tubular sucker hairs, a. 


paler, yellow-brown colour ; also it generally rests below the 
water, apparently fixing itself by the sucker-like tips of four 
special, tubular hairs present on the last segment of the abdomen 
(Fig. 296, a). It seems able either to suspend itself by these 
in the position shown in Fig. 295, or it will lie at the bottom 
of the water with the hairs fixed and the thorax bent right 

over the abdomen. Occasion- 
ally, it will suddenly 
straighten the body and 
throw back the head and 
thorax for a brief moment, 
but except for this move- 
ment, it vdll hang or lie 
motionless for hours.^ 
after a few days, the fly 



Fig, 297 . — Tamjims (imago). 


Imago. 


Frc 


this 


pupa. 


emerges at the surface of the water, and soon the 


female deposits on some floating object a little, flat, circular 

^ I was unable in my specimens to see the abdominal suckers referred to 
by Professor Miall {Aiiuaiic Insects^ j). 154) and J. Meinert. 
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mass of jelly, in which are embedded a number of long, oval 
ege's, arranged in definite rows, which hatch out in due time. 


The Larva. 


The Horn-bearing Fly (Ccraiojwgon hicoIor\ 

Ccraiopogon^ like Tanj/jnis, 
will probably first come under our j 

notice in the larval form, for the larva is 
veiy common on the surface of stagnant K 

ponds where there is a j)lentiful suppl}* of i 

smallj filamentous Algae. The larva has a 
very slender, rather transparent, thread-like 
body, which, when touched, immediatel}’ be- 
comes rigid • it may be half an inch long. 

The head is small, and bears four tiny, very 
black eyes, and a pair of strongly incurved, 
black mandibles. There are twelve segments 
to the body, and the last one bears a circle 
of black bristles which can be moved forwards 
or backwards. Eight 
at the tip are also 
five little transparent 
processes which can 
be protruded or 
withdrawn; these are 
probably gills. The 
whole surface of 
the bod}^ is striated 
with fine longitudinal 
lines. A pair of air- 
tubes can be seen 
throue:h the trans- 
parent skin. The 
larva swims like an 
eel through the water, 
with a very rapid 
motion. 

In due 




Fig. 299. — Imago and Pupa 
of Ceratopogon. 


The Pupa. 


time the 


last larval skin is 


Fig. 298. 

Ceraiojwgon hicolor 
(larva). 

(I\[uch enlarged.) 
a, Gills?; h, stiff hairs. 


thrown off, and the pupa appears at the surface, where it hangs 
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vertically or sliglitly curved, never curled up like the Gnat or 
Tanyjnts pupae. It has two respiratory tubes at the upper end, 
and on the last segment a pair of spines with which it is said 
to be able to fix itself to floating objects. 

From the pupa emerges a fly with a humped 
The Imago, bearing a little horn-like projection behind, 

and a j)air of transparent, naked wings which are laid hori- 
zontally over the body when at rest (Fig. 299). The eggs arc 
laid in star-shaped clusters of a hundred or more amongst 
the floating vegetation of the pond. 

Most of the other species of Cemtoiogon are not aquatic in 
the larval state, but are terrestrial, living under the bark of 
trees.. These forms have flies with hairy wings; many of them 
are annoying little creatures, with a most irritating sting ; 
. CemtoRogon mrms of Scotland is one of these pests. 


I 


Family 3 : Simuliidae (Sand-plies or Buffalo-gnats) 

Sand-flies are little, dark-coloured flies with a humped 

thorax, short, straight anten- 
nae, no projecting proboscis. 


Fia. 300. — Sivmdium^ tlie Sand-lly. 


The Eiver Sand-fly {Siomdium), 




These flies often congregate in numbers 
on the bushes near a swiftly running stream, ’ 
feeding, it is said, on the juices of leaves, or j 

on the honey -dew given out by Agghides. 

The female is said to suck human blood, ; Lv.jjvi 

and in so doing to introduce the germ of the ii, 
disease known as “Pellagra,” a disease veiy „ Vklll'.'- \ , 

rare in England, but found in parts of Fig. 301. 

Scotland, and rampant in some regions of e, The eggs of Swm^ 
the world. ^ The eggs are laid in jelly-like on a water, 

masses attached to the water-plants growing 
close to the water or at its surface, and soon there will be 
^ See Lisects and Man, by C. A. Ealaud, 


Fig. 301. 
e, The eggs of Sirnu- 
Hum on a water- 
plant. (Nat. size.) 
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The Larva. 


hundreds of the strange little black larvae clinging to the 
under side of the leaves wherever the current of water is 
swiftest. 

The larva has a segmented body which is 
thinnest in the centre. The swollen hind end bears 
a median structure said to be formed of two fused append- 
ages, and bearing concentric rows of hooks (Fig. 302, 
which, together 
with the three 
s 11 cker-like pro j ec- 

tions from the end 
of the body, enable 
the larva to keep 
firmly fixed, even in 
a strong current. 

On the first thoracic 
segment also, there 
is a single, finger- 
like process beset 
terminally with 
hooks, formed from 
two fused append- 
ages. By means of 
these appendages at 
the two ends of 
the body, the larva 
creeps about fairly 
actively, moving in 
a leech - like wa}^, 
fixing the front of 
the body, and then 
drawing up the hind 
end and fixing that, before throwing the front end forward 
again. The head bears the most remarkable organs of 
the larva, two plume-like structures, each formed of many 
long filaments which are constantly in motion driving food 
into the mouth. These plumes are immediately folded to- 
gether and withdrawn if the larva is startled, and only gradu- 
ally unfolded again. If picked up and dropped into the 
water, the larva falls, but in so doing spins a thread, so fine 
as to be almost invisible. Having reached the bottom, it 




Fig. 302. — The Larva of Si-mdium. 

A, Ventral view ; a, fused anterior appendages ; 
B, dorsal view. 
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climbs up again by this thread, holding it between the 

thoracic appendage and the mouth. Professor Miall has 

found that in their native streams, if alarmed in an}^ way, 

these larvae at once drop on such a thread from their support, 

and climb up it again to their original position when the 

danger is past. Sometimes a whole network of such threads 

surrounds them. When the larva is full grown it is about half 

an inch long, and two dark spots become visible on the thorax 

(Fig. 302, B ) — a sign that pupation is about to occur. 

^ At this time the 

The Pupa. . . 

larva spins a little 

oval - shaped nest or ,cocoon, 

attaching the silk threads on 

each side to a leaf, and inside 

this the larval skin is thrown off. 



Fig. 303. — Pupae of two species 
of Simulium ( x 2). 

a, Pupal cocoon with a central pro- 
jection from the upper margin of 
the pocket ; &, cocoon of Siiim- 
Univi sei'iceiim : the pupa has 
four two-branched gill-filaments 
on each side, and the cocoon is 
without a central spike. 



Fig. 304. — Pupa of Simulmm 
removed from the cocoon. 


The pupa retains considerable power of movement, and it 
breaks away one end of the cocoon, so that it finally lies sup- 
ported in a silken pocket, but with its head-end and branched 
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respiratory filaments projecting into the current of water 
(Fig. 303). The pupae in tlie pockets with a central spike 
on the margin are like those shown in Fig. 304, having 
four unbranched filaments on each side, whilst those in the 
pockets with simple margin have four two-branched hairs on 
each side. The pupae are constantly changing their positions 
inside the pockets, jerking themselves round so that they 
expose first one side and then another. The two commonest 
species are Simulium sericeum and Simulium elegans. 

This pupa is always submerged, and yet the fly 
^oTl^ago^ which is to emerge from it would be injured if 
wetted by water. It is very difficult to observe 
the process by which this danger is surmounted. Appar- 
ently, during the latter part of the pupal stage, which lasts 
about two weeks, air collects under the pupal skin, so that when 
this splits, the imago rises 'with this air-bubble, which is 
extended in an air-film clinging to the hairs on the surface 
of the body of the fly, and thus all danger of drowning is 
avoided.^ 


Family 4 : Tipulidae (Daddy-lokg-legs or Crane-flies) 


The Ti])ulidaG are Diptera with slender bodies, very long 
legs, and narrow wings, which are held well above the body 
when at rest, the second pair of modified wings or hal teres 
being unusually large. The veining of the wings is also char- 
acteristic and 
is rather com- 
plex, especially 
near the free tips 
of the wings 
(Fig, 305). 

The Crane-fly 
or Daddy-longr 
legs. 


This insect is 
shown in Fig. 305, 



Fig. 305. — The Spotted Craue-fly, male ( x 2). 


^ I have never been lucky enough to see the imago emerge, though I 
have reared many. These statements are based on Verdat’s observations, 
quoted by Prof. Miall in Natural History of Aquatic Insects, p. 373. 
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^vhere the typical form of body, the narrow wings, large 
halteres, long legs, simple, long antennae, and projecting palps 
with their characteristic long terminal joint, all are clearly 
visible. 

In all species of Crane-flies, the sexes can be distinguished 
by the shape of the end of the body. In the male this is 
much thickened and blunt, whilst in the female the slender 
abdomen is terminated by two pairs of pointed appendages 
which are used in egg-laying. 

When the eggs are to be deposited, the female 
The Eggs. descends, usually amongst grass stems, and 
standing on her last pair of legs, with her body in a vertical 
position, she lays the eggs one by one, dropping them on 
the surface and pushing them into the ground with the two 
pairs of appendages which hold the egg and form the 
ovipositor. Each time the insect settles she lays a few eggs, 
depositing altogether from 200 to 300 before she has finished. 

The larvae live entirely underground, feeding 
e arvae. roots of grasses as well as on dead vegetable 

matter ; they often do much damage in corn-fields, and 

are known to farmers 
as “ leather - jackets,” 
owing to the toughness 
of their skins. The 
Fig. 306.--Larva of (x3). month has two strong, 

(A “leather-jacket.”) toothed mandibles and 

The head segments are telescoped in on the right, a tOOthed labrum, 

against which the man- 
dibles work. The palps are short and the maxillae rudi- 
mentary. These parts are difficult to see at first in a 
specimen under examination, as the head segment is then 
telescoped within the next, but if gently pressed, the head 
will be everted and the feelers and mandibles become visible. 
The larva may grow to an inch in length. It is earth- 
coloured, and not easy to detect quickly. At the tail-end of 
the segmented body are some small, shaiqfiy pointed, stiff 
processes and some fleshy lobes surrounding two terminal 
spiracles. 

The Pu larvae which are hatched out in the spring 

^ ■ pupate and give rise to winged Crane-flies in the 
same summer. From the eggs laid by these arises a second 
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brood of larvae which hibernate thronghonb the winter, only 
pupating the following spring. After the last larval skin 
has been shed, the pupa, Avhich is then disclosed, assumes a 
vertical position, and gradually woi'ks its way up to the 
surface of the ground, projecting its head above the surface 
shortly before the fly emerges. Sometimes numbers of these 
jDupae are to be seen in this position within a few square yards 
of grass land. They are enabled to move 
upwards in this way by the spines which 
project from all the abdominal segments, and 
which are specially numerous near the end 
of the body • these keep the pupa from 
slipping backwards. 

The j)upa here, as in gnats and midges, 
bears on its head two little respiratory horns. 

When the fly is ready, it escapes through 
a split along the dorsal exposed part of 
the thorax of the pupa, and flies ofif with 
the two fore-legs extending forwards and the 
four hind-legs stretched out behind. 

Tij)ula oleracea is perhaps the commonest i^f^spiratorj^iioms. 
Crane-fly. It is to be seen in numbers especially in August 
and September. 

The Spotted Crane-fly {Pacliyura maculosa) is also very 
abundant, more particularly in gardens. It can be dis- 
tinguished by its yellow body marked with darker spots. 

These Crane-flies would rapidly become a serious pest if it 
were not that their numbers are kept in check by rooks, 
starlings, peewits, and other birds that feed on them. 


Fig. 307. 
Pupa of Ti ^ ntla . 
(x2.) 


Family 5 ; Gecidomtidae (Gall-midges) 

One other family of small, insignificant flies belonging to 
the Diptera Nemocera is worth}^ of mention, because of the 
fairly common galls produced by their larvae on different 
plants. These are known as the Gall-midges or Gall-gnats. 

The flies are minute, and often brightly coloured. They 
have rather broad wings with very few nervures on them. 
The antennae are relatively long and hairy. The female has a 
long ovipositor with which she places her eggs in the tissues 
of the chosen plant, and around the larva arises a Gall. 
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The Hessian Fly {Gecidomyia desirucior)^ which sometimes 
does great damage in corn-fields, is one of these Gall-midges. 

Another {Cecidomyia taxi) forms a gall at the end of a 
yew twig, causing the leaves to be clustered in a little bunch 
(Fig. 308), inside of which is usually one larva only. The 
gall-midge emerges in June. 

Another species forms a hairy, tubular gall standing on the 
upper side of the leaf of ground-ivy \ another, a white, pimple- 
like, hairy gall on the under side of the 
leaf of meadow-sweet; another causes 
a swelling on the woody twig of the 
sallow willow; and there are, besides 
these, many other gall-forming species. 

Sub-order 3 : Aphaniptera or Fleas. 

Fleas are sometimes considered as 
Fig. 308.— Gall (“a”) on peculiarly modified Diptera, though 

IZYIZd. sometimes placed in a 

special order because of the many 
points in which they differ from Diptera and from any other 
order of insects. 

They are always wingless, and are very compressed later- 
ally. The head is relatively small, and the first .pair of legs 
is turned forward in such a way that they appear as if 
growing from the head. The mouth-parts are peculiar, the 
labial palps forming sheaths which enclose three needle-like 
pricking organs, recalling the lancets of the gnat. The eggs 
of a flea are white and oval. They usually drop to the ground, 
and the tiny, white, worm-like larvae thrive in any little 
accumulation of dirt, feeding on it. They make, when full- 
grown, little cocoons covered mth dust, inside of which they 
pupate, the perfect fleas emerging in a week or two, and then 
feeding as parasites on the blood of some animal host. 

The flea which troubles man is Puleo: irritans^ but there 
are many other fleas peculiar to other mammals or to birds, 
and these will often transfer their attentions from one kind 
of animal host to another. 
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Classification of the Diptera mentioned in Cluipters 
XXV. and XXVL 

Sub-order 1. Bracliycera. Short-horned Flies. 

Family 1. Muscidae. 

Genera. Musca (House-fly). 

Calliijliora (Blue-bottle). 

Glossina (Tsetse-fly). 

Family 2. Syrphidae.^ 

Genera. Syrjjhus (Hover-fly). 

Volucella. 

Eristalis (Drone-fly). 

Family 3. Stratiomyidae.^ 

Genus. Btmtiomys (the Chameleon-fly). 
Sub-order 2. Heniocera. Thread-horned Flies. 

Family 1. Gulicidae. Gnats. 

Genera. Gulex (the Common Gnat or Mosquito). 

Anojyheles (the Spotted Gnat, the 
Malarial Mosquito). 

Corethra (the Phantom-fly). 

Family 2. Cbironomidae.^ Midges. 

Ghironomus (the Harlequin-fly). 
Tanypus (the ‘‘ Splay-footed ” fly). 
Geratopoyon (the Horn-bearing fly). 
Family 3. Simuliidae.- Sand-flies or Buffalo-gnats. 

Bimidium (the Eiver Sand-fly). 

Family 4. Tipulidae. Crane-flies. 

Tipida (Daddy-long-legs or Common 
Crane-fly). 

Pachyum maculosa (the Spotted Crane- 

fly)- 

Family 5. Cecidomyidae.- Gall-midges or Gall-gnats. 

Species. Gecidomym taxi (the Yew Artichoke 
Gall-midge). 

Gecidomyia destructor (the Hessian-fly). 
Gecidomyiaulmcu'iae (the Meadow-sweet 
Gall-midge). 

Sub-order 3. Aphaniptera (sometimes separated as a distinct 
order). 

Family. Pulicidae. Fleas. 

Pulex irritans (the Common Flea). 

^ For identification of species of these families see G, H. Yerrairs 
British Flies, vols. v. and viii. 

“ For detailed account of these families see Theobald’s British Flies, vol. i. 
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Peactical Notes on Dipteea Nemocera 

1. Examine tlie contents of any rain-water tulD during the 
summer months * probably several different kinds of dipterous 
larvae can be obtained from it with the aid of a small muslin net. 
Sort these out, transferring some of each kind to a separate tank 
of clean rain-water, at the bottom of which a layer of mud and 
decaying leaves has been allowed to settle. 

Distinguish, amongst the larvae captured, those of the Gnat, 
the Harlequin-fly, and Tanyims. Examine these, if possible, 
under the microscope. Look for their eggs and pupae. Sketch 
the different stages of each insect found, and watch their habits 
and development, making careful notes. 

Amongst the flies that emerge, distinguish the males and females, 
and sketch them from the side in their characteristic attitude when 
at rest. 

2. In any fairly clean stagnant ]D 0 ^d, dip with a net for the 
various stages of Gorethra and Geratopogo7i ; when found, study 
them as suggested in paragraph 1. 

3. Search a swift, clear stream for the early stages of the Kiver 
Sand-fly {Sinmlium), and study them. Watch for the moment of 
emergence of the fly from the pupa, and determine how the fly is 
protected from death by drowning, as it rises from the submerged 
pupal cocoon to the surface of the water. 

4. When digging in the garden or field, or removing plantains 
from a lawn, search amongst the bases of the grass stems for Tiimla 
larvae or pupae. Catch adult Tiimla specimens and distinguish 
between the male and female. Verify all the points mentioned in 
the text. 
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INSECT A (continued) 

Order : PLymenopteea (Ants, Bees, AVasps, 
Call-flies, etc.) 

General ^His order is one of the largest and most highly 
Character- developed of all the Insecta. In structure, all are 
istics. alike in possessing four transparent, relatively 
small wings with few nervures. The two wings on either side 
are held together by minute hooks, so that, in flying, two 
wings function as one (Fig. 313). The mandibles are large 
and strong, being used not only for biting food and for carry- 
ing, but also in excavating and in shaping the cells for the 
young. In some Hymen oj^tera, a special proboscis formed 
from the other mouth-parts is also present which is used in 
obtaining food, as in the Bees. 

In all of them the front, ‘‘ thoi'acic mass of the body is 
formed, not only of the three thoracic segments, but also of 
the first abdominal segment, which' is more or less fused with 
these. In many the second abdominal segment forms the 
“ petiole,’^ or constricted waist-segment, behind which comes 
the “gaster’’ or hind body, usually spoken of as the abdomen, 
though the name is not strictly applicable, any more than it 
is strictly correct that the fore body should be termed the 
thorax, since it includes one abdominal segment. However, 
to avoid multiplication of technical terms, the whole fore 
body will here still be called the ‘‘thorax,’’ the inverted 
commas indicating that the term is only adopted and not 
strictly applicable. In the adult, the number of segments 
in the body is variable, but in the larva there are thirteen 
behind the head, though the Ml number is not always visible 
externally. 
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The. metamorphosis is great, and takes place during a 
resting pupal stage. The social habit is common, with a 
differentiation of castes of individuals in many of the Societies. 
Classifica- The following families of the Hymenoptera will 
tion. "be considered here : — 


Sub-order Aculeata 
(possessing a sting). 


Sub-order Parasitica 
(having an ovipositor 
instead of a sting). 


f Bees (Ajnclae). 

Social Wasps {Ves])i(Lae). 

^ Solitary Wasps [Eumenidae). 

Digging Wasps {Po77i2nlidae and PiTliegidae). 
,Ants (Formicidae). 

' Saw-flies (Teiithredmidae). 

Wood- wasps (Siricidae). 

- Gall-flies {Gyiiiioidae). 

Ichneumon-flies {IcJmeumo7iidae). 

.False Ichneumon-flies {Braconidae). 



Queen. 



Worker. 



Prone. 


Family : Apidae (Bees) 

Bees are large insects with hairy bodies ; 
these hairs are very sensitive, and must be a 
valuable possession for a creature covered by 
an insensitive, chitinous skin. Many bees live 
socially in colonies with a differentiation 
of the individuals into three castes : queens, 
males, and workers (incompletely developed 
females), all of which are winged. The food 
consists of pollen and nectar, the latter being 
obtained from flowers by means of the 
lengthened, modified mouth-parts which form 
the proboscis characteristic of the family; 

The Honey Bee {Apis mellifica)! 

Constitution Honey bees live a social life in 
of the communities of many thousands. 
Colony. During the greater part of the 


PIG. 1 Much of oiir knowledge of Bee life we owe to the 

(The Honey Bee ingenious experiments devised by Francis Huber of Geneva, 
(Apis Qiicllifica). i^iind naturalist. In spite of his great affliction, he was 
able — owing to the help of his devoted servant, Francis 
Burnens, who literally became eyes to him — to devote 
himself for many years to the stiidj'- of Bees, publi.shing in 1789 the results of 


his researches in a book entitled Noiivelles Ohsei'miions sur les Aheilles. 
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The Queen. 


Head. 


year only two kinds of adult individuals can be found in 
the hive, the thousands of ‘-workers” and the one “queen,” 
though through the summer months several hundred males 
or drones are also present. 

The queen (Fig. 309) is considerably larger 
than the workers, with a longer abdomen, but 
mth relatively shorter wings. She is the sole mother of the 
hive, and remains constantly within it, tended and fed by 
her workers, and laying eggs in the cells prepared by them. 
She, like them, has a sting, but will use it only against 
another queen. 

Each worker bee has the structure shown in 
Fig. 309. The head, “thorax,” and gaster (“ab- 
domen”) are distinct, the gaster being separated 
from the “ thorax ” by a narrow, short petiole, or waist, 
which is obscured by the hairy front margin of the gaster. 

The head bears two large compound eyes, 
each with over 6000 facets in it (for structure 
see Figs. 158 and 159); also there are three simple eyes on 
the centre of the forehead; the latter are probably used for 
examining objects close by, whilst the compound eyes have 
wide, long vision. 

In front of the head project the bent antennae, each very 
freely movable, with a long joint next the head, and an 
eleven-jointed tip projecting at an angle 
to this (Fig. 310). 

These antennae seem undoubtedly 
to be the organs of communication be- 
tween bee and bee. Bees, when they 
meet, constantly cross antennae, and 
stroke each other with them, or some- 
times with a swift, agitated movement 
tap a comrade, apparently to attract 
attention. 

The antennae, besides being covered with sensitive, tactile 



Fig. 310. — Head of Honey 
Bee seen from in front, 
with proboscis hidden, 
a, Antenna ; ijmd, mandible. 


hairs, have their surface dotted with thousands of little 
hollows, each with its own nerve supply, and it is thought 
that these structures are oi'gans of smell. It is undoubted 
that bees have a marvellous power of detecting the presence 
of honey — they are said to be guided by the scent of 
flowers a mile or more away. 
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Other smaller hollows on the antennae may have an 
auditory function. 

On each side of the mouth is jdaced one of the hard jaws 
or mandiblesj of which much use is made when forming the 
waxen cells of the comb (see p. 410). The characteristic 
proboscis will only be seen when it is actively in use in 
obtaining food, or when the head of the Bee is viewed from 
the side; for when at rest, it is bent back and lies in a 
groove on the under side of the head (Fig. 312, t). The 
upper lip (labrum) is small, and the mandibles are cpiite 
apart from the prol 30 scis, which is formed from the lower lip 
(labium) and the soft jaws (maxillae). The parts of the 
proboscis are shown artificially spread 
out in Fig. 311; the maxillae form 
together the outer, horny sheath, and 
the labium its central portion, which 
consists of the ‘long hairy tongue or 
ligula and a trough-like lower sheath 
formed by the labial palps, within 
which the ligula lies. The free tip of 
the tongue is a little spoon-like struc- 
ture; with this the nectar of flowers 
is lapped up ; the hairs of the 
tongue get soaked in 
the fluid, which is then 
sucked up by the sur- 
rounding tube and 
passed into the mouth, 
after having been 
thinned by the addi- 
tion of some of the 
secretion of the sali- 
vary glands of the 
bee, which causes 
the transformation of 
the nectar of the 
flowers to honey. The former consists 
of 70 -per cent of water and nearly 30 
per cent of cane sugar, whilst the latter 
has only about 7 to 10 per cent of water, the rest 
being gra]?e sugar; i.e. honey is nectar which has been 



Fig. 311. — The Head of the 
Honey Bee seen from in 
front, with the Proboscis 
extended and its parts 
spread out. 

a, Antenna ; mnd, mandible ; 
mx, maxilla ; Ip, labial 
palp ; I, ligula. 



Fig. 312. — Head 
of Honey Bee 
seen from the 
side, with the 
Proboscis, t, 
turned back 
below the head. 
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digested by the bee, and regurgitated for storage in this 
condition. 

The month-parts are therefore modified in the bee for two 
quite separate functions, the mandibles chiefly for constructive 
work in forming the honey-comb, the maxillae and labium for 
obtaining food. 

The Thorax thorax, which lies behind the head, con- 

*sists of the usual three segments, together with 
an abdominal segment fused with them as explained on p. 4 01. 
Each thoracic segment bears, below, a pair of jointed legs, 
and the second and third segments bear also, attached to 
their upper surface, a pair of delicate, transparent wings. 

The wings are held together so closely that at first sight 
there appears to be only one on each side. If they are 
separated from the body of a dead bee, and examined under 
the microscope, the method by which this union is maintained 
can be seen. The front margin of each back wing bears 
a row of little hooks (Fig. 313), which catch in a groove on 
the hind margin of the front wings, so that when flying the 
two act as one. When at rest the front wings slip over the 
back wings, thus releasing the lock, and both then lie 
horizontally over the back, but 
when they are again spread for 
flight, once more the two margins 
are automatically hooked together. 

The legs are worth detailed 
study, for each pair has some 
special adaptation fitting it to per- Fig. 313 .— Wings from the 
form some special function, besides side of a Honey Bee, 

the general function of locomotion, below. 

in which they all share alike, e. upturned edge of the front wing; 
77 1 1 1 * 4. 1 1 i hooks on tlie back wing. 

Each leg ends in two long and two 

short movable claws with a little pad between them. The 
claws enable the bee to climb rough surfaces, and to hang, 
when necessary, clinging by them (see p. 409) ; while the 
pad, Avhich can secrete a sticky substance, enables it to climb 
up smooth, slippery surfaces as a fly does (p. 369). The joints 
of the legs are similar to those found in all insects, but each 
leg has on it a characteristic special structure. On the first 
leg, at the joint between the fourth and fifth segments, 
there is a special little arrangement for cleaning the antennae 
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and perhaps also the j)roboscis and the hairs that are present 
between the facets of the compound eye ; this is known as 

the comb,” and consists of 
a small depression lined with 
hairs on the fifth segment, 
and a little prong which pro- 
jects over this from the fourth 
segment. On each middle 
leg there projects from the 
fourth segment a longei^, 
stouter prong, which is used 
in digging the pollen out of 
the “ pollen- basket ” (see p. 
413), and also for preening 
the wings. The back legs are 
the most complex (see Fig. 
314, C). On each there is, on 
the outer, upper side of the 
fourth joint, a deep depression 
fringed round vdth stiff hairs ; 
this is known as the pollen- 
basket,” for in it the pollen ob- 
tained from flowers is carried 
home to the hive. The pollen 
is first collected on the hairs 
which cover the body, and 
then brushed into the baskets 
by the haiiy legs, and especi- 



enlarged joint 
^ basket ” ; this. 


Fjq. 314. — The Legs of a Honey Bee. 

^ frontleg;i;,miUdlcleg;C. backlog, ^ 

joint is beset with rows of stiff hairs, which brush the 
pollen off the body into the basket of the opposite side. 

The “Ab- gaster is segmented, five segments being 

domen ” or usually distinguishable. Situated at its free tip 
sting, a complicated and perfect piece of 
mechanism, by which the skin of the victim is 
pierced, and jDoison injected into the wound (Fig. 315). . The 
central part of the sting consists of three special structures, a 
pair of slender, pointed lancets, or “darts,” barbed at the tij^, 
and a central, deeply grooved jhece, called the director or 
guide, also finely pointed and barbed at the end. The darts lie 
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in the concavity of the guide, being fixed to it by a sliding 
junction consisting of two headings running along within the 
guide-gi’oove, one on each side, each of these fitting into a 
groove in one of the darts. The darts can be slid along, so 
that their tijos project beyond the end of the guide. These 
three dark- coloured, piercing organs are enclosed between a 
pair of fleshy structures, the “ sting-palps. Connected with 
the base of the sting is a two-branched, tubular poison-gland 
and a jDoison-sac about the size of a small pin^s-head ; when 



Fig. 315. — The Sting of a Bee removed from the body and spread out. 
fZ, Darts or lancets; il\ tip of dart, further enlarged; fj, guide or director; (/, tip of 
guide enlarged; p, jjalps; pg, beginning of poison-gland; poison-sac; 
poison-duct; r, valve. 

the sting is being used, this poison is forced down a tubular 
cavity between the “darts’^ and the “guide,” and entering 
the wound made by them may cause pain, though the sus- 
cejDtibility of people to the poison A^aries a good deal — also, 
after a certain number of stings have been endured, the poison 
usually ceases to have any ill effects. 

Sometimes, Avhen a bee stings, it presses the lancets oiil}'- 
a little Avay into the flesh, and if left undisturbed it can then 
withdraw them, but if they are pressed right in as far as they 
Avill go and then an attempt is made by the bee hastily to 
withdraw them, the Avhole sting usually becomes separated 
from its body ; in this case, the insect dies soon afterwards, and 
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also the effects of the sting on the victim are more severe. The 
possession of a sting is confined to the queen and worker bees. 

In all cases of stinging Hymenoptera {Aculeata), the sting 
seems to he developed from the same structures as the ovi- 
positor, which is conspicuous in the non-aculeate forms. 

The worker bee seems to be an imperfectly developed 
female ; occasionally she will lay eggs, and these, though 
never fertilised by a drone, will develop into new drone 
bees ; such parthenogenetic eggs are fairly common amongst 
the liymenoptei'a. 

The males or drones are larger and broader in 
Dron^es^ build than worker or queen, and have bigger wings, 
but their brains are smaller. Their eyes, which 
meet across the top of the head, are also relatively larger and 

have many more 
facets — over 
1 3, 000 alto- 
gether, accord- 
ing to Lang- 
stroth;^ perhaps 
they need a 
wider range of 
vision in their 
pursuit of the 
queen at mating 
time. They do 
none of the or- 
dinary work of 
the hive, neither 
collecting food 
norcaringfor the 
young, and they 
are therefore 
without some of 
the special struc- 
tures possessed 
by the workei', 
having no pol- 
len-baskets,’^ no sting, and only a short, weak proboscis. 
The queen also lacks pollen-baskets and the long proboscis. 

^ Langstroth, The Honey Bee, published by Dadant k Sons. 



Fig. 316. — A festoon of Worker Bees, showing how 
they cling together. 
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The life in the hive can perhaps best be 
Hive^ followed in the history of a swarm which, during 
the summer, has left the old hive or nest to start 
a new colony. This swarm, if the first of the season, will 
consist of the old queen and some thousands of workers. On 
leaving the hive on some still, sunny morning, the swarm will 
fly straight to a convenient tree, or other object, where the 
queen alights, all the workers clustering round her in a dense 
mass, the lower bees clinging on by their front legs to the back 
legs of those above them (Fig. 316). Thus they remain motion- 
less for a time, and it is now that the bee-keeper hastens to 
catch the swarm in an inverted straw ‘-skep,'’ and to convey 
it to the hive in which it is desired that it shall permanently 
live ; otherwise, certain of the bees leave the swarm and go 
out to find a suitable hollow tree or other cavity where a 
nest could be made. They come back and apparently com- 
municate their find, for suddenly the whole swarm, with its 
queen, will detach itself, and fly off to take up its abode in 
the spot chosen. At the time of swarming, so absorbed are 
the bees in the ecstasy of the moment, that they may be 
freely handled without fear of a sting. 

When the new home has been taken possession 
Home^ of, at once some of the workers begin to fill up 
any cracks in the walls, using for this purpose the 
glue-like substance called “propolis,” which they collect from 
the sticky buds of such trees as the poplar, carrying it home 
in the pollen-basket after it has been worked up into a little 
ball. They leave usually one opening as the entrance to the 
hive. Then these workers join others who have already 
commenced the formation of the cells in which the honey 
is to be stored, and in which the new young bees are to be 
reared. 

The wax of which these cells are to be formed 
Sec^tfon secreted chiefly by the younger workers, and 
appears in the form of little scales which gradu- 
ally protrude from below the segments on the under side 
of the abdomen; four pairs of these wax scales are formed (Fig. 
317). This secretion of wax, however, is only possible when 
the insects have been well fed, and we find that before swarming 
they generally feed freely from the honey and pollen stored in 
the hive, and that as soon as they have secreted one set of wax 
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Fig. 317. — The under side of a 
Worker Bee carrying wax 
scales. ( X 2. ) 


plates, they go off to the flowers and feed again. The first 
bee in the new hive that is about to secrete wax, climbs to 
the roof of the hive, and suspends herself there by her front 

legs, whilst the second clings to 
the back legs of the first, and 
the third to the second. Others 
form similar festoons until a 
dense curtain of bees is hang- 
ing from the roof, their close 
association causing a consider- 
able rise of temperature in the 
mass. 

They hang thus, quite motion- 
less and silent, for twentj^-four 
to forty-eight hours, and then 
the scales of wax appear. 

Each bee, as her secretion is completed, detaches herself 
from the cluster, and climbs to the highest point of the hive, 
and there fixing herself with her front claws, she nips off 
the wax scales one after the other, using for this purpose 
the broad margins between the two largest joints of the back 
legs (Fig. 314), which form efficient nippers. Then she 
works the wax up into a soft thread with her mandibles, 
moistening it with her saliva, and finally attaches the thread 
to the roof of the hive and goes off to feed once more. 
Bee after bee repeats the same performance until a shapeless 
mass of wax hangs from the roof. 

Older bees now come and begin to hollow out 
in this mass beautifully-shaped, hexagonal tubes, 
side by side, which finally form two vertical 
layers of tubular cells lying back to back, the base of one 
cell forming usually one-third of the base of each of three 
cells in the opposite half of the whole “comb,'' the open mouths 
of the horizontal cells pointing outwards in each layer. 

A large number of bees are at work at the same time on the 
comb, perhaps fifty on one side and fifty on the other, whilst 
more wax is still being added below by the younger bees. 
The cells are at first roughly blocked out with thick walls, 
the final shape being given by a further set of workers, 
who pare down the walls, trim them, and shape tliem, 
until the minimum of wax has been put to the maximum 


Cell 

Formation. 
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of use, and the wonderful structure of the comb is the result. 
It is said that as many as 4000 cells may be completed in 
one hive in twenty-four hours — truly there is good foundation 
for the expression “as busy as a bee/^ The first cells are 
all alike, and in the old-fashioned straw hives or skeps, or 
in a natural nest, several combs hang down in parallel plates 
from the roof almost to the floor of the hive, though in the 
hives now in favour with most bee-kee^Ders, the bees are supplied 
with neat square wooden frames, with an artificial, hexagonally 
marked wax base in each, so that they can at once start 
cell-making, and their enei'gy is not wasted in wax-making 
when they might be storing honey or rearing young. 

The first cells formed are all meant for 
nurseries for the bee larvae, and when these cells 
are finished the queen approaches them ; she 
enters a cell, head foremost, and, after examining it, backs 
out, inserts into it her abdomen and de]30sits a single little 
bluish-white egg, fixing it to the bottom of the cell with a 
sticky secretion. Whilst she is egg-laying a circle of workers 
surround her, ready to feed and stroke her. 

In this way she enters cell after cell, leaving in each 
an egg, which is immediately taken charge of by one or two 
workers. She works haz’d, laying as man}^ as 3500 eggs 
a day or more in the height of the breeding season ! These 
first eggs are all alike and develop in the same way. 

Kept warm by the bodies of the workers who 
Larvae^ cluster over the combs, each egg hatches in about 
three days, as a little, white, legless grub or larva, 
which lies curled up at the bottom of the cell (Fig. 318, A). 
It has a head and thirteen body-segments. The “nurse-bees,” 
who are 'usually some of the younger woi’kers, now feed it, for 
they alone can manufacture the pap on which the grubs are 
at first fed ; they secrete this pap from a special salivary 
gland opening into their mouths. Soon, however, the grub 
is put on a diet of pollen and honey made into a soft paste, 
whieh is brought in from outside by the older workers, and 
placed in the cell so that the laiwa lies partlj?- immersed in 
it, and can feed as much as it will. In about five days, 
dui’ing which time it has changed its skin several times, the 
grub is full grown, and neaidy fills the cell, in which it now 
lies longitudinalljq with its head towards the open end. At 
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this stage the nurses form a convex cap over the mouth of the 
cell. This cap is formed of a porous mass of pollen and wax, 
which allows air to pass tlirough, instead of the almost 

impervious pure wax used in 
closing up the honey cell The 
imprisoned larva begins to spin, 
from a gland on the lower lip, 
a silk thread with which it makes 
a little mass of interwoven threads 
at the mouth end of the cell. 

' --I threads partly cover the 

body, forming an imperfect cocoon. 

. about two days 

^ the larva pupates, 
appearing finally as a ptipa in 
which the organs of the adult bee 
are clearly visible through the 
transparent skin in which it is 

^ ^ ^ „ swathed. This stage lasts for 

Fig. 318.— Three separate Cells . w i i 

from the Brood-comb of a scven or eight days ; then the pupal 

Honey Bee, showing a young skin is cast off and the young bee is 
larva A, a full-grown larva to emerge. AVith its jaWS 

B, and a pupa C. (x2.) i i r i.n 

it breaks the silken threads of the 

cocoon and bites round the cap of the cell — sometimes helped 
by a nurse-bee — until the cap swings back on a little hinge- 
piece, and so is readily pushed aside. As the young, grey, 
downy bee comes out, she is met by workers who clean and 
brush her, and feed her with honey, so that after a few hours 
she is able to take her share in the work of the hive, her 
first duty being to act as a nurse to the grubs. 

Soon enough new workers have been added to 
population for the older workers to be free to 
go out and collect the nectar of the flowers, and 
this they do most industriously, sucking up the nectar with 
the proboscis and then swallowing it, passing it into a 
temporary store-chamber of the alimentary canal called the 
“ honey-sac,” situated in the front part of the gaster, whence 
it can be readily regurgitated in a slightly altered state, 
forming honey. Incidentally, they collect much pollen on 
the hairs of their bodies as they crawl over the flowers, 
and this they brush into the pollen-baskets, having first 
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moistened it slightly so that it will stick. liaving got 
their full load of honey and pollen they fly back to the hive, 
and, regurgitating the honey, they may feed with it the 
queen or any hungry workers they meet, or they may at 
once store it in cells in a special part of the comb. Next, 
they dig the pollen out of their baskets with the prong on 
the middle leg adapted for this purpose (Fig. 314) and 
press it with their back legs into other storage cells nearer 
the brood-combs, where, by other workers, it is further 
kneaded up with a little hone}'', forming “ bee-bread. The 
honey is kept safely within the comb, partly by the slight 
upward tilt of the cells on each side, and partly by its own 
stickiness, which causes it to adhere to the little roughnesses 
in the wall of the cell. When a cell of honey is full, and not 
required for immediate use, it is left for some days to thicken 
slightly, and then, to keep it from fermenting, a drop of 
acid is let fall on to it from the sting of a worker, the cell 
being finally closed with a caj) of wax. It is said that the 
honey, and also the pollen, from different kinds of fiowers is 
always stored in separate cells. One bee may make as many 
as thirty visits an hour to the flowers. Young bees usually 
make their first flight from the hive when about eight days 
old ; they fly close round about in a hesitating manner, as if 
learning to use their wings and to find their way about ; 
they have to learn to recognise their own special home. 
Their second flight, about a week later, is a business trip, 
when they fetch back their first load of honey. 

In early spring, when pollen is scai^ce, bees will gather 
flour or meal in its place, if they can find it; many bee- 
keejDers feed them with this at the beginning of the season. 

Whilst some workers are acting as an escort 
of the mv? queen, and others are busy looking after 

the larvae or collecting food, there is much other 
work also to be done. Many are still occupied in building 
more and more cells to keep pace with the ceaseless activity 
of the queen-mother, and the industrious storing of food by 
the workers ; others are busy ventilating the hive by the 
continual vibration of their wings ; others in keeping the 
whole hive scrupulously clean, carrying outside any dirt that 
may accumulate, any intruder that may have ventured in, 
or any fellow-bee that has died within the hive ; others 

2 E 
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again seem to act as sentinels at the door, chasing away alien 
bees or other intruders. At our first glance at a hive, con- 
fusion may seem to reign, for so many are coming and going; 
but as we watch, the order behind the apparent confusion 
becomes gradually evident. So all goes on methodically and 
busily during the summer months, the workers often wearing 
themselves out with their strenuous activities in six or seven 
weeks, though the queen, who is so well fed by them, and so 
assiduously cared for, may live four or five years. 

The Ap- weather approaches and honey be- 

proach of comes difficult to get, the bees quit the hive less 
Winter, jggg often, the grubs, which are still developing, 
being fed on pollen from the stores. The whole activity of 
the hive lessens, the queen ceases to lay eggs, and the bees all 
cluster round her on the top of the honey cells, and there 
remain crowded together and beating their wings for warmth. 
They feed now on the honey in the cells, which is licked 
up by those nearest it and passed on from one to another 
until all are fed. They remain in this more or less torpid 
condition all the winter, the only visible movement occurring 
when those on the outskirts of the mass, getting chilled, 
make their way inwards to the ^va.vm centre, a continual 
circulation of the bees being thus kept up. 

The following spring, the increasing warmth 
The Spring. begins gradually to arouse them once 

more to active life. Even a warm day in January will entice 
out a few bees, and all the early spring flowers are eagerly 
visited by them ; it is as if, after their long imprisonment in 
the dark hive, and their dependence on “ preserved honey, 
they crave once more the taste of the fresh nectar, to be 
obtained, after an invigorating fly through the air, direct from 
the heart of a flower, vdth the sunshine bathing everything in 
warmth and light — a change indeed to be eagerly welcomed. 
Preparations ^7 April all is once more in full swing ; the 
for Swarm- queen has been laying eggs since February, soon 
the hive will become overcrowded, and to relieve 
this, one or two new swarms must go off to found new 
colonies, blow the workers begin to prepare for this exodus. 
The most necessary provision is the rearing of the males or 
drones, and the rearing of a new queen or mother-bee to take 
the place of the one who goes off with the flrst swarm. 
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Drones cell-makers begin, therefore, to construct 

rather larger cells (Fig. 319, D), and the queen, 
though apparently reluctant to enter these, will do so when she 
finds no smaller ones, and in each she lays an egg which 
appears quite similar to those laid before, but which will 
develop into a drone or male bee. What the actual difier- 
ence is between the drone-egg and the worker-egg we do 



Fig. 319. — A Piece of the Brood-comb of a Honey Bee. 

W, Cells in ^Yhich worker bees are reared ; D, cells for drone bees ; Qi and Qo, 
cells for queen bees. 


not yet know for certain, but it seems now to be proved 
that the drone-eggs are unfertilised and develop partheno- 
genetically, for the virgin queen, before she goes for her 
marriage flight, often lays eggs which invariably develop 
into drones. It has been suggested^ that the greater width 
of the drone cells and the consequent position of the queen’s 
legs in ovipositing may check the discharge of the sperm cells 
from the sac in which they are stored after copulation, and that 
consequently the eggs pass out unfertilised ; but this view is 
disputed by Langstroth.^ Some four or flve hundred drones 

^ F. Chesliire, Bees and BeeJceepmg. 

2 Langstrotli, The Honey Bee, 


416 


INTRODUCTION TO ZOOLOGY 


CHAP. 


arise in a colony of thirty to forty thousand workers, but in 
a larger colony their number is greater. These drones do 
no work in the hive, but are fed on honey by the workers, or 
help themselves from the honey-comb. They sleep a large part 
of the day in corners of the hive, going out on warm sunny 
days between twelve and three o'clock for a short fly and 
a sleep out-of-doors, tucked away in the corolla of some 
flower. The onl}?- time when they reall}^ arouse themselves 
is when they join in the giddy upward rush of the marriage 
flight with the new young queen. 

After enough drone brood-cells have been pro- 
The New sj)ecial “royal cradle ” cells appearing. 

It seems that usually ^ the egg that is to produce 
the new queen is just like the ordinary “ worker " egg and 
is laid in an ordinaiy cell at the edge of a jDiece of brood-comb, 
but that the workers determine its fate, first by feeding the 
larva on “ royal jelly,” a richer, sweeter, more nutritious food 
than that on which the worker larvae are fed after the first 
day or two, and secondly by enlarging the cell and altering its 
shape so that finally it is somewhat the size and shape of 
an acorn, placed vertically, and opening below by a rather 
narrow aperture. Five or six of these royal cells may be 
formed, the eggs in them differing in age by a day or two, 
so that the young princesses will hatch out in succession. 
The larva hatches in three days, and is full-grown in five 
more days, when it is sealed up in its cell and pupates. 
In seven more days it is fully developed, and the young 
queen begins to attempt to get free from her cell. 

That it is the food and special cell which cause the 
development of the egg into a queen, or fully developed 
mother-bee, seems to be shown ^ by the fact that if anything 
happens to the egg in the queen cell, the workers can bring 
up a worker larva in such a way that it becomes a queen. 
They choose a larva not more than three days old, and 
enlarge its cell by biting away the cells all around and 
building up a queen cell round it. They then feed it on 
the royal jelly exclusively, and it becomes a queen-bee. 

The new young queen is not allowed to emerge until 

^ Laiigstroth, 02 ^. cit, 

“ This view may, however, have to he reconsidered in the light of Von 
Ihering’s observations on the sjiingless bee of S. America (quoted in W. M. 
WTieeler’s Ants^ p. 105). 
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the old queen has left the hive with the first swarm of 
workers, for, if the two queens met, they would fight until 
one stung the other to death. It is against another queen 
alone that a queen will use her sting, and no queen will 
brook a rival in her hive. 

At this time the greatest excitement prevails 
in the hive, which is now so overcrowded that 
hundreds of bees can find no entrance and remain in heaps 
outside. Twenty -four hours before she actually departs, 
the queen, irritated apparently by the humming noise that 
the young queens still imprisoned in their cells are beginning 
to make, rushes wildly about and tries to get at the royal 
cells to kill her rivals, but is driven off by the workers. She 
then wanders off, aimlessly visiting every corner of the hive, 
no longer with a respectful escort of v^orkers, but pushing 
through them in any direction, sometimes even carrying on 
her back some of her former attendants. 

A large part of the community ceases to take any part in 
the ordinary work of the hive. The workers about to emigrate 
feed unchecked from the honey cells, and so prepare for their 
coming flight, and all keep up a very frequent and peculiar 
humming and vibration of the wings. 

Finally, when the sun is bright and high in the sky, the 
queen will rush from the hive, followed by thousands of her 
workers, and with a loud humming the whole swarm flies to 
the nearest tree and settles there. This is the point from 
which we began the story of the hive on page 409. 

The first swarm, which goes off usually in May or June, 
will always be led by the old queen, unless she is so old and 
decrepit as to be useless, when she either stays in the hive 
until she dies naturally, or is put to death by the workers, 
who may press round her until she is suffocated, but who 
never use their stings against her. In such a case, the first 
swarm will be led by a new young queen, who has not yet 
been for her marriage flight, and .this is always so in all 
subsequent swarms. 

As soon as the first queen has left the hive, 
the oldest “ princess ” is allowed to emerge, the 
workers helping her to bite away the end of her 
cell, and tending her carefully, for she is weak and pale just 
at first. In a very few minutes, hoAvever, she gets stronger, 
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and seems to become sensible of the presence of other young 
queens in the royal cells around, and to have an instinctive 
jealousy of them, for, if not stopped, she will now throw her- 
self upon one such cell, and, tearing it open, sting the inmate 
to death, passing on to each in turn, until she herself is 
left queen without rival. If, however, the colony is a very 
numerous one, the workers will not allow her to touch the 
royal cells, in which case she protests with a shrill, angry cry, 
rapidly repeated, which seems to evoke an answering but 
deeper note from the imprisoned princesses ; however, she 
soon accepts the inevitable and leaves the hive and goes off 
with a second swarm of workers and drones to form a second 
new colony ; even a third swarm sometimes can be spared. 

Occasionally, though not often, two young queens emerge 
at the same time, and they then fight for supremacy, whilst 
the workers surround the two combatants in a ring. They 
seize each other ^vith their jaAVS and feet, and hold on until 
one manages to insert her sting in a soft part of her 
opponent’s body, causing immediate death. The sting is 
then carefully AAuthdrawn so that the victor is uninjured. 
When the last SAA^arm has been given off, the next queen 
that emerges is ahvays alloAA^'ed to kill any others that may 
still be Avaiting in the royal cells. 

Tiie The neAV young queens, before they can start on 

Marriage their special Avork for the hive, must go for the 

Flight, marriage flight Avith the drones, and this strange 
event must next be described. Within a feAV days of 
the founding of the neAV colony, or the birth of the last new 
queen in the old colony, the young queen, one sunny, still 
morning, often at about midday, Avill come to the door of the 
hive, and hesitatingly issue forth, go in and out once or tAvice, 
and then after a little hoA^ering around, as if to fix in her 
mind the position of her home, Avhich she has never before 
seen from AAuthout, she suddenly soars off all alone, rising ever 
higher and higher toAvards the sky. Noav she is seen by the 
drones, AA^ho are out from all the hives around, and they dart 
after her. Maeterlinck, in his Life of the Bee^ describes, in 
words Avhich none can equal, hoAv they pursue her, but one 
after the other falls back exhausted in the chase, till finally, 
far up in the clear air, in the region unhaunted by birds, AA^ho 
might attack them, the strongest, SAviftest of the drones, Avho 
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alone may win the queen, reaches her side, and together they 
whirl still higher in a brief moment of union — then it is all 
over, the drone falls back to earth dead, having given his life 
for this one ecstatic moment, and the queen returns to her home, 
where she is welcomed by her waiting subjects, to leave it 
again perhaps twice only in her life, when she may lead forth 
new swarms. Now for three years at least, she is capable, all 
through the summer months, of laying fertilised eggs at a rate 
of many hundreds, sometimes thousands, a da 3 ^ She alone is 
now responsible for the whole future population of the hive. 

All goes on regularly and methodically in the 
Massacre until the approach of mnter ; then the workers 

of the seem to realise all at once the danger of still 
Drones, having to support in the hive many hundreds of 
useless drones who have never found a mate, and who still 
lurk about in corners doing nothing and using up the stores 
of honey. Suddenly, therefore, one day in autumn, tlie 
workers set upon them and sting or bite them to death, and 
throw out their dead bodies — not a single drone is left alive ; 
the bees are preparing for the hardest time of their lives, 
the long winter, when they have to stay within the hive and 
live on the honey they have stored ; the one drone who 
flew aloft Muth the queen accomplished the work for which 
all the drones were fitted, and the now useless remainder 
cannot be tolerated in the hive any longer. 

It is a strange history, the history of the hive, 
of the^ffive animate world do we see the 

’ life of the individual so absolutely subject to the 
life of the communitjq and yet at the same time dependent on 
it — for an isolated bee, under whatever favourable conditions 
of warmth and nutrition, will soon die, apparently from loneli- 
ness. Think what is sacrificed for the hive, by the workers 
especially ! Their own life is limited on every side, even their 
physical development is checked (p. 408), their whole time 
and energy is given to the building of the fabric of the hive, 
caring for the young, laying up stores of food for the com- 
munity, and other necessary duties; so hard do they work, 
indeed, that their lives often endure only a few short weeks, 
though in the case of the foragers, at any rate, this life is a 
merry one, lived largely in the sunshine, flitting from flower 
to flower. An old bee can be recognised by its ragged wings 
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and shinyj hairless body. The queen certainly is fully de- 
veloped, but her life, except for the great events of her mar- 
riage flight and her departure, perhaps in two successive years, 
with a swarm to a new home, is conflned within the dim-lit hive, 
and is almost entirely limited to reproductive activities. The 
drones alone seem to stand aside, and to fail in obedience to 
the law of the spirit of the hive, which enacts that each shall 
work for the good of the whole. Truly they essay to perform 
their special function on that wonderftd flight which they 
make with the queen, but failing that, they are nothing but a 
drag and a burden on the communit}^, and hence it may seem 
merely instinctive, stern justice that is meted out to them at 
the end of the summer. 

With all this power of working together and this devotion 
to the common good, the individual bees seem, nevertheless, 
to care little for each other in the way in which we under- 
stand the term. A sick bee is ignored or callously pushed 
aside by any passing neighbour, and they seem to have no 
idea of helping one another in difliculties, though their devo- 
tion to the queen is entire. Her they defend with their own 
bodies, and feed with the last drop of honey in the hive, so 
long as on her the whole future of the community depends. 
The loss of their queen greatly disturbs them, and they will 
not at once accept a new queen if one is introduced to them. 
In fact, they will often attack and kill her. Bee-keepers, 
therefore, when it is necessary, introduce a new queen pro- 
tected by a little wire cage so that the bees gradually get 
used to her presence. In time they will begin to feed her, 
and then it is safe to remove the cage, and she will be 
accepted by them as queen. 

Powers of That bees can communicate with each other 

Communi- seems indubitable. Their antennae, which they 

cation, constantly cross with the antennae of any felloAV- 
bee they meet, are covered with short, sensitive hairs, and 
with thousands of minute structures, which are looked upon 
as being probably organs of hearing and smell, though their 
function has not yet been determined with certainty. Maeter- 
linck and others have shown that if a bee is enticed to feed 
on a special supply of honey some little distance from the hive, 
she will qiiickly return with other bees, to whom it aiDpears 
she must have communicated her find. It seems, however, that 
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more experiments are necessary to establish the degree of 
power of communication. The humming of bees, which varies 
in tone and intensity according to the occasion which calls it 
forth, is produced in two ways : a deeper note, such as heralds 
the departure of a swarm, is caused by a certain rate of vibra- 
tion of the wings ; whilst a shriller note, such as that of an 
angry bee, is caused by the vibration of the integument over 
the thorax, moved by the muscles within which are attached 
to it. A usual rate of wing vibration at normal times is 440 
times a second; in a tired bee the rate drops to 330 times a 
second, and the j)itch of the note produced drops correspond- 
ingly.^ The hum of a drone is more sonorous than that of a 
worker. There is a whole gamut of sounds, the exact signifi- 
cance of which we do not know — indeed we are not even sure 
that these sounds are audible to the bees themselves ; pos- 
sibly their power of communication by the touch of antennae 
suffices, without any need for communication at a distance by 
sound, though on the other hand it is said that the hum of the 
young queen bee trying to get free from her cell is noticed 
by the old queen who is about to leave the hive, and has a 
curiously agitating effect on her. 


Other Social Bees. 


During the summer Humble or Bumble Bees 
are to be found living together in small colonies of 
from 200 to 300 individuals, but at the end of the 
season all die except the young queens, who alone can survive 
the cold of winter, hibernating in some crevice, or under 
the moss on a bank, or in a small burrow excavated in tlie 
earth ; consequent!}^, each spring, new colonies have to be 
started by the solitary young queens. 

The large Earth Humble Bee {Bomhis terrestris\ 
commonest species in England, makes her nest 
underground, often using the deserted burrow of 
some small animal such as the field-mouse.'^ She weaves the 
little pieces of grass, which the mouse has collected, into a 
ball with an opening at one side just large enough to allow 


^ A. S. Packard, A Te,xt-Book of Entomology^ 1S9S. 

For most of the following details I am indebted to Mr. F. W. L, 
Sladeii’s delightful book, The lIuiiMe Bee (Macmillan, 1912). 
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her to creep througli into the central ca'^ity where she 'svill 
lay her eggs : then she collects from the earliest spring flowers ^ 
some pollen and honey, and deposits a little mass of honey- 
pollen-jjaste on the hoor of the cawty oi the nest : next she 
builds up on this paste floor a little circular vrall of brovrn 
wax. within which she lays a batch of eggs, immediately after- 
wards closing up the waxen cell above them. In order that 
the eggs may develop they miLst be kept warm, and the queen 
broods over them day and ni^ht. only leawng them occasion- 



Fig. 320 . — ize Xew c: a Cotlihoz, Htunb-a Bea. (Aft-er Z-IucOiIeT.) 


ally to get the food necessary for herself; and soon also for the 
deyel oping gwubs: she stores some of the honey collected 
duiiiig the day in a special, egg-shaped, waxen cell which she 
constructs just in the entrance of the brood-cayity of the 
grass V nest, and from this store she sips durincr the nic''ht. 
After lour days the eggs hatcn as Kttie legless gra'os. which stiU 
remain hidden within the waxen ceU, feeding on the pollen- 
paste which lorms its door ; as this is used up the queen 
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replenishes it, and she also passes in to tlic grubs a liquid 
mixture of jiollcn and honey, through a little hole ^vhich she 
makes in the thin ^yall. of the cell. As the larvae grow they 
are apt to break the waxen wall which confines them, and so 
it is constantly added to from without by the mother-bee ; in 
this way the size of the cell keeps pace with the growth of the 
larvae, until it may be as large as a walnut. Seven days after 
hatching, each larva spins a yellow, egg-shaped cocoon of a 
tough papery substance, and the cpieen then removes the 
enveloping wax, disclosing the cocoons standing upright side 
by side; over them she still broods, for they still need warmth.^ 
Eleven or twelve days after pu^Dation the first perfect worker 
bees emerge through smalk round holes which they bite in the 
upper end of their cocoons ; two or three days later, these young 
bees are able to go out and collect food, and from now onwards 
they relieve the cpieen of much of her work ; they build new 
cells, nurse the grubs which hatch out from the later batches 
of eggs laid by the queen, and also they store a limited 
amount of honey, often economically using for honey-pots 
their own discarded cocoons ; these they line with wax, 
increasing the depth and narrowing the mouth by a fresh rim 
of wax but never quite closing them, for the honey is only for 
the immediate use of the young as they are reared, and not 
for winter storage ; some few special wax honey-cells and 
pollen-cells are, however, also constructed. 

In flourishing colonies a thin ceiling of wax is plastered 
over the upper surface of the nest cavity. 

By the end of the season there are nearly 200 workers in 
the nest, and also many drones and new cpieen-bees ; the 
drones leave the nest as soon as they can fly, and for three or 
four weeks they support themselves outside, feeding on pollen 
and honey whilst they wait for the time when the new young 
queens will join them in the marriage flight. 

These new queens alone survive the winter, the foundress 
of the old colony, as well as all the workers and drones, dying 
at the approach of cold weather. The. queen Earth Humble 
Bee is as much as of an inch long and of an inch broad 

^ That this, however, is not ahvays essential was shown hy some hrood-comh 
which I brought home from a nest I excavated; for, from it. after a few days, 
strong, full-grown bees emerged, although, thinking the comb was merely 
honey-comb, I had left it exposed on my writing-table. 
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across tlie abdomen. She is black, with a band of yellow 
across the front of the thorax, another across the front of the 
abdomen, and a yellowish j^^tch at the end of the body. 
The males and workers are similarly marked, but are smaller, 
the male being about J an inch long and the worker of an 
inch ; also in them the patch at the end of the body is almost 
white. Both queen and worker Humble Bees have an un- 
barbed, curved sting which does not remain in the wound, 
and therefore is much less troublesome than the sting of a 
Honey Bee. The queen also possesses “pollen-baskets,^’ for 
she has all the food-collecting to do at the beginning of the 
season. The nests of Humble Bees are said to be often 
destroyed by field-mice and weasels. 

Bombus lapidariuSj the Stone Humble Bee, is also very 
abundant; it is as large as B. terrestris, from which, however,- it 
can be readily distinguished by the bright reddish patch at the 
end of the otherwise black body of the queen and workers ; 
the males have a similar red tail, but also a yellow band just 
behind the head. The specific name of this bee refers to its 
habit of burrowing its nest under a large stone. 

The Moss-carding Bee {Bombus agrm'um) is an- 
cardlng^Bre common, but rather smaller species. 

’ The thorax and tail are covered with tawny-brown 
hairs, but the rest of the abdomen is darker in colour. These 
bees usually make their nests in a shallow hollow in the 
ground or on sheltered banks. The nest is hidden by a low 
mound of finely divided moss and shreds of other plants, so 
that it is difficult to detect. The bee drags the moss along the 
ground until she is near her nest, moving backwards ; then 
she tears it up with her jaws, pushing the threads under her 
body, and kicking them over the nest with her back legs ; 
under the moss-lid thus made an irregular cluster of cells is 
constructed, and a colony gradually grows. 

Unsocial Amongst the small colonies of these Humble 
^ Instincts Bees are found certain very unsocial instincts, 
in Bombus. more civilised Honey Bees have been 

eliminated by the “ spirit of the hive.” The Humble Bees will 
occasionally seize and devour the eggs in the cells — a crime 
never enacted in an ordinary hive. This is specially so in the 
fairly frequent cnse of a colony in which there are, besides the 
queen-mother of the nest, several workers that also lay eggs. 
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Short-tongued Solitary Bees. 

The The life of the Hive Bee is more complex and 
Burrowing more highly organised than that of any other bee ; 

one of the simplest, on the other hand, is that of the 
wild Burrowing or Mining Bee (Andrena fulva)^ often seen in 
spring, on garden lawns or any sandy bank, busy burromng 
little tunnels in the earth. This bee lives a solitary life, and 
does no more for its offspring than supply it with a cell in the 
earth for shelter, and a little store of food on which it can 
feed itself. There is no social life, and no specialised workers 
to care for the young. 

The mother-bees are a little smaller than a worker hive- 
bee, and are of an exceptionally bright golden-brown colour, 
due to the thick coating of hairs which are of this colour 
dorsally, on the front of the thorax and of the abdomen ; 
elsewhere they are dark brown and polished. They sleep 
through the winter, and when they awake in the spring they 
quickly begin to make in the earth a little tunnel which may 
run straight down for a few inches, or may take a winding 
course according to the soil. Near the end, several lateral 
brandies are excavated to form brood cells. In each of these 
is placed a little pellet of pollen and honey about the size of 
a pea, in which is laid a single egg. Finally, the mouth of 
the tunnel is covered up with a little mound of earth and then 
left. The eggs hatch, the larvae feed on the food provided, 
and their development proceeds without any further attention 
on the part of the mother-bee, who indeed dies soon after 
she has finished her little burrow. The male bee is rather 
smaller, darker, and duller in colour. 

The Leaf -cutting Bees {Megachile) are also 
cauLg^B^ rather similar nests, but in this 

case the bee does not usually excavate the tunnel, 
but takes possession of cavities which she finds in the wood 
of tree-trunks — cavities made originally, perhaps, by a wood- 
eating caterpillar and now deserted — or she may use some con- 
venient crack in a wall, but occasionally she may tunnel in 
the ground.^ The bee lines the tunnel, wherever it may 
be, with a cylinder formed of pieces of leaves deliberately cut 
by her from a plant, and inside this she makes little thimble- 
^ BrUisIi JlyDienopiera Aculeatay hy 'E. ^axmders. 
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shaped cells, one above another, also of leaf fragments (Fig. 
321, c). Eose-leaves are used by one species of leaf-cutting bee, 
other leaves by other species. The bee settles on the edge 
of a leaf and cuts out a piece, as shown in Fig. 321, a. She 
clings to the piece she is detaching, so that when finally it is 
severed, she flies away with it doubled under her legs. Each 
cell is formed of several layers of leaf fragments, and in each, 
as it is finished, are placed a mass of pollen and honey and an 



a, Imago ; b, one cell opened to show the grub within ; c, tunnel in a tree- 
trunk filled by the bee with her thimble-shaped cells. (Slightly enlarged.) 

egg ; finally a cover to the cell is made of little circular pieces 
of leaf. Another similar cell is made above the first, and so 
on until there may be a column of six or seven of them. 
These solitary bees have all a much shorter proboscis than the 
hive-bees. 

Osmia Osmia is another Bee of the same family as 
Megachile^ one species of which (0. tridentata) is very 
common in the South of France. It excavates a series of oval 
cavities in the pith of bramble stems, building up between 
successive cells partitions made of partially masticated pith. 
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Osmia rnfa is common in England ; it utilises empty snail- 
shells, constructing several cells within each. 

The Mason Bees {ChaUcodoma) of the South of 
ason closely allied to the Leaf-cutting Bees. 

They construct little hard cells, about an inch deep, of a kind 
of cement made of earth particles, causing them to adhere by 
mixing them with saliva; occasionally the cells are strengthened 
by the addition also of small stones. They are fixed to a large 
stone as a base, or to a wall in some sunny spot ; as each cell 
is finished, the bee deposits in it an egg, and then cements 
uj) the opening. Eight or nine cells may be formed close 
together, and finally they are covered by a continuous layer 
of “mortar,” which hides and protects them. In C. muraria, 
one of the commonest species, the dome-shaj^ed “nest,” when 
finished, is about as large as half an orange. No species of 
this genus is known in Britain. 

The last three genera mentioned — Megachile, Osmia, and 
Ghalicodoina — are all alike in carrying pollen attached to the 
hairs on the under side of the abdomen. 

These solitary bees are a fascinating study, and a most 
delightful account of them, as well as of solitary wasps and 
many other insects, is given by J. PI. Fabre in his well- 
known Souvenirs enlomologigiies, parts of which have now been 
translated into English.^ 


Glassification of A])idae mentioned in Ghcqoter XXVIL 
Family. Apidae. 

Sub-family 1, Sociales. Long-tongued forms living in com- 
munities. 

Apis mellifica, the Honey Bee. 

Bombus terrestris, the Earth Humble Bee. 

Bonibits lajndarius, the Stone Humble Bee. 

Bombus agrorum, the Moss-carding Bee. 

Sub-family 2. Andrenidae, Short- ton gued, solitary bees, each 

individual with a sejoarate burrow, but gre- 
garious to some extent. 

Andrena^ the Burrowing Bee. 

Sub-family 3. Dasygastres. Short-tonguecl, solitary bees which 
construct special cells for their young ; pollen 


1 Insect Life (i\racmillau. Price, 9d.). 
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is carried on tlie liairs on tlic under side of 
the abdomen. 

Alegachile, the Leaf-cutting Bee. 

Osmia. 

Ghalicodoma, the Mason Bee (no British 
species). 


Practical Notes on Bees 

1 . If possible keep bees, or at any rate visit an apiary, and get 
the bee-keeper to show you the hives and explain to you the care 
of them.^ Visit an observation hive, or, better still, keep one,^ so 
that you may study in detail the habits of the bees. Notice the 
different kinds of cell. Bind the queen-bee, and mark the treatment 
of her by the worker-beea Ascertain whether there are any drones 
in the hive. Notice the difference in structure and habits of the 
different castes of bees. 

Entice some bees out of the hive with a saucer of honey, and 
as they feed, mark a few of them with little dabs of different, bright- 
coloured enamel paints on the top of the abdomen. Bemove the 
saucer, and then note how many visits, to obtain honey or pollen 
from flowers, each marked bee makes in a day. Notice the colour 
of the pollen brought back, and see if you can determine what 
kind of plant it has been obtained from, and whetlier there are 
such plants in the gardens near by. Try to verify all the other 
points of structure and life-history mentioned in the text. 

Before the winter the bees in an observation hive must be 
removed to an ordinary hive, where they can cluster together in 
much denser masses, and so maintain the temperature necessary 
for their life. Food must be given them in the winter, if their own 
honey has been removed from the nest ; a supply of water must be 
within reach at all times. 

If stuug, never 20ull out the sting, for in so doing more poison 
may be pressed into the wound, but scrape it or hick it off from 
below with the nail of one hnger — irritation may be allayed by 
treatment with cold water, or ammonia, or crushed plantain leaves. 

Bead Tlie Lore of the Honey Bee, by Tickner Edwardes (i\Iethuen). 

Make slides of the proboscis, of the different legs, and of the 
sting from a dead bee, or obtain them from a dealer, and study 

^ See Bees and Bee-keeping^ by F, Cheshire ; also The Boney Bee^ by 
Laiigstroth (Dadant, 1919). 

^ An excellent indoor observation hive may be obtained from jMessrs. 
J. Lee k Son, 10 Silver Street, Bloomsbury, London, W.C., with an exit 
fitted through the wall, so that the bees can go freely in and out. 
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tlieir structure with the aid of a microscope, making careful 
sketches of each. 

2. Study and identify any Humble Bees you see. Hunt for 
hibernating queens in the early autumn. Bombus Icqndarnis often 
burrows in a bank, and her presence may be detected by the little 
heap of fine earth she has thrown out. 

In the spring, try to track a queen Bombus home to her nest ; 
if possible prepare some artificial nests and attempt to domesticate 
some Humble Bees, so that you can follow all the details of their 
life-history. 

3. Bead Tlie Nature Booh (Cassell), pp. 805-809, an article by 
H. Bastin explaining exactly how to take a Humble Bee’s nest 
for observation purj^oses. Bead also the very interesting account 
of “ Wild Bees ” given by Benjamin Kidd in A Philosoiolicr ivith 
Nature^ and, in the same book, his chapter on “ The Habits and 
Intelligence of Bees.” See also chap. vii. in The Himble Bee, by 
F. L. Sladen, which book should also be referred to for the 
identification of species. 

4. Look for Andrena in early May when she excavates her 
burrow on any sunny, sandy bank ; when a bee has been seen to 
enter her burrow, invert a glass over it to catch her as she comes 
out ; examine her carefully. Look for the smaller male bee some- 
times to be found near by. Dig down one burrow and determine 
how it is constructed, and what provision is made for the nourish- 
ment of the larvae. Leave a muslin-covered frame over the 
burrow and note when the new young bees emerge. 
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Order : Hymenoptera [continued) 

Family : Vespidae (Social Wasps) 

These Hymenoptera are all characterised by the longitudinal 
folding over of each of the first pair of wings when at rest, 
so that they look only half their natural width. The wings 
are gauzy and transparent. The first segment of the thorax 
is peculiar and characteristic in shape. It is very narrow, and 
curves back on each side round the second segment, resting 
finally on a little scale at the base of the 
wings, known as the tegula.” 

Three castes of individuals, males, 
females, and workers, are to be found 
among social wasps as among social bees. 

The Common Wasp [Vespa vulgaris). 

Wasps are very well-known insects, for 
their yellow, black -barred, thin-waisted 
bodies and fierce buzz make them very 
conspicuous as they fly about, stealing what 
h, margin "of lower food they can get froiii our tables, and 
btiTw fiercely stinging when interfered with. A 

wing! ^ sting does not mean death to them as it does 

to a Honey Bee. However, they are often 
unduly maligned, for, contrary to the general opinion, the}/- 
never sting unless worried, and if only we could control our 
hasty movements of fright when they fly near us, we should 

430 



Fig. 322, —Common 
Wasp. Dorsal view. 

a, Folded upper wing ; 
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be rarely stung, and could with impunity come to such close 
quarters with them that we might learn, as did Mr. Gr. Peckham 
and his wife,^ to delight in tracing out their curious ways of 
life and interesting history. This insect has been called a 
tiger-soul on elfin wings,’' ^ and the description suits it well, 
for marvellously in contrast are the audacity and courage of 
the little, vividly coloured thief and the delicate, minute wings 
on which it speeds so swiftly through the air. 

As in the case of Humble Bees, only the 
queen wasp survives the ^vinter, hibernating in 
some sheltered crevice. On her alone depends 
the whole possible future colony of many thousands of wasps. 
She awakes usually early in April, and having cleaned and 
brushed herself she leaves her hiding-place, and after a hasty 
meal at once begins to search for a convenient spot where she 
can found her city, which usually must be safely hidden in 
the earth, though sometimes it is suspended under the eaves 
of a house or barn. Very likel}^ she will take possession of 
some burrow she finds in the earth, and will enlarge it to suit 
her needs, carrying out the soil bit by bit in her mouth. 

Soon she flies off to find some dry, exposed piece of well- 
seasoned wood, and with her 
specially powerful jaws she 
scrapes away a few of its fibres, 
which she then bites up and 
mixes with a sticky secretion 
from her mouth, until it is a 
pulpy mass (Fig. 323). With 
this she flies back to her bur- 
row and begins to build. 

The Begin- The first pellets 
ning of the of wood puljD she 
Nest. some firm 

object, such as a root in the roof 
of the cavity or burrow in which 
she elects to build, so that a little pendent stalk is formed ; to 
the end of this she attaches first a small, cup-shaped cover about 
an inch in diameter, and then, hanging down below it, a 
little flat platform with three or four shallow, cu 2 )-shaped cells 

^ WasjiSj Social and Solitary , hy G. and E. Peckham. 

“ TJiq Was}}, Fiona Macleod. 



Fig. 323. — A Wasp scraping Wood 
with her Jaws. 
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with their open mouths downwards. The pulp with which she 
builds hardens quickly into a tough, grey, paj^ery substance. 




Fig. 324. — Nest of the Tree Wasp, early stage. (Natural size. ) 

In the lower diagram part of the wall has been removed to show the cells 
within, and the many layers that form the papery covering. 

In each cell she lays an egg, fixing it near the base of 
the cell, and then goes on to add fresh cells and fresh layers 
to the papery cap that hangs over them. Fig. 324 , which is 
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really the small nest of a Tree Wasp, shows very well what an 
early stage of the nest of the Common Wasp is like. 

The Grubs eight days the first eggs hatch, and now the 

queen has to be nurse as well as paper-maker, 
nest-builder, and mother. She goes out, quickly to get what 
food she may, perhaps to steal it from our table, or perhaps 
to get it from the little chocolate-coloured flower, the figwort, 
if yet in bloom, or from some other flower specially attractive 
to her. 

Coming back, she feeds her little ones from her own mouth, 
as they hang head downwards in their cells, preserved from 
falling by keeping the ends of their bodies still tucked away 
inside the egg-shells, which are glued to the tops of the cells. 
They grow rapidly, and she soon has to enlarge, their cradles, 
making them now hexagonal in section. Finally, when 
about fourteen days old, each larva S 2 flns a cocoon and 
jDupates for ten days. 

For a whole month, therefore, after the laying of her 
first eggs the queen toils alone, but by the end of that time 
the first batch of workers is fully developed, and they bite 
their way out of their cells, and almost immediately begin to 
help. First, however, they need food, and they obtain their 
earliest meal as full-grown wasps in a curious way, for they 
go round to all the bigger larvae, and by tapping the heads of 
these with their jaws they induce each to give out a drop of. 
a liquid which they then eagerly swallow.^ 

As more and more workers develop, they relieve 
ing^Mo^ queen of one duty after another, until all that 
* remains for her to do is to add to the pojmlation, 
and she now always stays within the nest and is fed by her 
attendants. 

Now that there are many to labour, the community grows 
aj)ace. Work commences before 5 AM, every day and con- 
tinues till dusk. Tier after tier of fresh brood-comb has to be 
added, even though the old cells are used again and again. 
The new tiers of cells are built below the previous ones, and 
held sus 2 )ended from them by a central stalk, several extra 
pillars being added at different points. The original stalk of 
suspension is also strengthened as new combs are added 
(Fig. 325). 

^ 0. H. Latter, Natural History ^ p. 145. 
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The Nest when fully formed, will be nearly 

spherical, and, if a large one, may be 16 or 17 
inches across each Avay, and often have seven separate combs 
with a space about an inch deep between the successive 
layers. There may be altogether eight or nine thousand 



Fig. 325. — Section of the subterranean Nest of the Common Wasp 
(after Janet). (Jtli natural size.) 

Z;, Root to which the first attachment of the nest was made ; c, secondary attachments ; 
ml to the layers of comb ; /, chief susjiensory pillar of comb ; /t, one of the 
secondary pillars ; i, layers of wasp-paper forming the envelope round the nest ; 
a, entry to the burrow ; <7, lateral galleries ; j, vacant space round nest. 


cells, which means that at least twice that number of wasps 
have developed during the season, since each cell is used two 
or three times. The outer envelope will have been enlarged, 
and it now covers the whole structure with several layers of 
“ wasp-paper.’^ These help to retain the Avarmth engendered 
by the crowds of insects Avithin and Avhich is necessary for the 
deAmlopment of the brood. The average temperature of the 
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nest is about 88° F., i.c. often many degrees above that of 
the surrounding air or soil.^ 

In the subterranean nest of Vesixt vulgaris only the first 
cover to the nest, that laid down by the queen, consists of a 
continuous smooth sheet of “ wasp-pa^Der ’’ ; after that, little 
separate plates of this material are plastered on the outside with 
air spaces below them, like little blisters, and, as these plates 
are added all over the original cover and then also one above 
the other, the layer below is cut away and the material 
worked up afresh to be placed on the outside, or made into 
new cells. The paper is light brown with white streaks. 
To make room for the enlargement of the nest, the cavity has 
had to be laboriously extended, each particle of earth being 
carried out of the nest and dropped at some distance from it. 
There is always a space left round the nest separating it 
from the earth ; down this the wasps crawl, entering the nest 
itself from below (entrance not shown in Fig. 325). 

The larvae are fed by the workers largely on 
Wasps^ honey, though to some extent on animal juices 
as well. The adult wasps also like animal food 
occasional!}'', and will pursue a fly, sting it to death, and then 
proceed to cut it to pieces and leisurely to eat all nourishing 
morsels. Wasps are undoubtedly useful to us in ridding us 
of many flies, green-fly, caterpillars, and earwigs, which may 
be injurious to garden plants or field crops. 

In August, cells of a larger size are constructed 
and^I^oiLe? comb formed, and in these the queen 

lays some eggs which will develop into queens, 
probably owing to the special food supplied to the larvae. 
Subsequently she lays a number of unfertilised eggs that 
will produce males or drones. By the time these are all fully 
developed, occasional cold weather is beginning to make 
the wasps inactive and droAvsy, and soon the new young 
queens, who had been allowed quite amicably to live in 
the nest with the old queen, leave it, and the drones 
also go out to find a mate. The queens never return, 
but, having mated, they seek out their winter quarters, 
where, if all goes well with them, they .will hibernate 
in solitude until the following spring, each hanging her- 
self up in some crevice, holding b}^ her jaws alone, and 
^ See Janet and Giiiot’s observations quoted by 0. H. Latter in O}). cit. 
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wrapping her Avings round her body. Owing to a variety of 
disasters, however, onlj?' a small proportion of these queens 
actually survives. 

As soon as the young queens and drones have 
ttie^cfo^ony^ off, a strange scene is enacted in the hive. 

The wasps haA^e stored no honey for food, and food 
is getting scarce. They cease to feed the grubs, Avhich till 
noAv the}^ have cared for so constantl}^, and, as if maddened 
by their inability to do so, they are said to drag many 
of them from their cells, carrying them out into the 
open and leaving them to perish, Avhilst they themselves 
either Avander outside till the cold kills them, or return 
to the nest, and there become torpid and soon die of cold 
and starvation, their queen, the foundress of the colony, djdng 
AAuth them. 

Probably in Wasps, as in Bees, the most sensi- 
'of ^Wa^s ^ tive organs of the body are those special organs of 
iou6l\ the antennae, Avhich are used as the means of 
communication betAA^een one individual and another. licre, 
as in bees, these organs are kept scrupulously clean by means 
of a brush and comb” structure on the front leg, through 
Avhich they are frequently draAvn. The sense of dglii seems 
to be good. There are the usual large compound eyes, Avhich 
are kidney-shaped, and also three ocelli ; it is not yet known 
Avith any certainty hoAV these different eyes function. Wasps, 

' Avhen they first leaA^e their nest, fly round and above it, as 
if to fix a picture of it in their minds, and then they fly 
straight off to their destination, taking short journeys at first 
and gradually extending them. 

If, AA^hilst they are out, Ave take the opportunity of cover- 
ing the ground round their nest Avith a square of coloured 
paper, leaAnng a hole just over the entrance to it, they Avill on 
their return appear greatl}^ disturbed. They Avill hover around, 
and hundreds may collect outside, afraid to go in, until at last 
one enterprising 'spirit makes the venture and comes out again 
unharmed, Avhereupon the rest are reassured and gradually 
folloAV the example of the pioneer. In a feAv days they have 
got so accustomed to the paper that its removal, and the 
consequent reappearance of the natural surroundings of the 
nest, gives them cause for fresh alarm. Testing them Avith 
different colours gives indications of a distinct preference on 
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their part for some colours over others — green seems to be 
liked best, and then perhajos 2 :>urpled 

The sense of hearing does not seem acute, at any rate with 
res23ect to the sounds which usually affect us. Some agitation 
has, however, been caused amongst wasps by playing to them 
on a comb covered with j)aper! 

Perhaps it is the similarity 
of the noise produced to their 
own buzzing that excites 
them. The possession by 
was^^s of the senses of smell 
and taste seems undoubted. 

There are several other 
common species of Vespa 
which are very similar in 
their appearance and habits to 
Vespa vulgaris, some forming 
similar nests underground, 
some susjDending their nesfcs from the boughs of trees. 

V, germanica is rather larger than V vulgaris, and on the 
sides of its black thorax it has a yellow strijDe, the lower edge 
of which is convex instead of being parallel with the straight 
upper edge as in V, vulgaris', its nest is made of grey paper with 
shell-like markings outside. V. rufa, the Eed Wasp, is rarer 
and is so called because of the red or oransre marks on 



Fig. 326. — Nest of a foreign Wasx:), 
Polisies, (Natural size. ) 


the top of its abdomen ; it is the smallest of all our native 
wasps. In its underground nest is also to be found the rather 
similar V austriaca, sometimes known as the “ Cuckoo Wasp ” 
for it appears to lay its eggs in the nest of V, rufa ; more 
information, however, is needed about this form. 

V sglvestris, V. arhorea and V nm'wegka all susjDend their 
nests from the branches of trees or bushes. 

Vespa crabro is the dreaded hornet. It is a larger insect 
and has a reddish-brown thorax;- it constructs a nest of 
brownei’, coarser ‘‘paj^er,” usually in a hollow tree or under a 
thatched roof. 

Fig. 326 shows the exj)osed comb made bj^ social wasj^s of 
the genus Folistes, common in some other countries, but not in 
Britain. 


^ These statements are based on the interesting experiments performed by 
Miss C. Isaacson. 
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' Family : Eumenidae (Solitary True Wasps) 

There are a number of ^yasps which lead solitary lives ; 
the ways of these are veiy curious, and are delightfully de- 
scribed by G-. and E. Peckhain in their book, W %spSj Social 

and Solitary, The 
British species, of which 
sixteen are known, are 
all alike in having a 
narrow, black body 
with yellow bands on it ; 
all have bifid claws on 
the tarsi, and anterior 
vdngs longitudinally 
folded when at rest, as 
in the Social Wasps. 

The genus Eimenes 
includes several soli- 
tary wasps, of which 
the only British species 
is Enmenes coarctata. 
This wasp forms little 
clay, vase-shaped nests 
attached to twigs of 
heath or some oth^r 
shrubby plant (Fig. 
327, c). The insect 
itself is easy to dis- 
tinguish from all other 
British solitary wasps 
by its very narrow 
“ petiole ” or waist- 
segment (Fig. 327, I). 
It has stripes and spots of wasp-yellow colour on its otherwise 
black body. 

The nest figured was made of coarse, yellow sand, and 
was rough and granular outside, but was lined inside with 
smooth, white silk, and a silken partition ran across the 
cell, separating off a small, irregular space at one side, in 
which a certain amount of dark-coloured debris is to be seen 
(Fig. 327, 2», fZ), apparently the excreta of the larva. 



Fig. 327. — A Solitary Wasp 
{Ru7)ie7ies coardata). 

, a twig of heather bearing three of the wasps’ nests, 
c ; /, the wasp (nat. size) ; B, one nest cut open 
to expose the larva w'ithin. 
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All oiu‘ other British solitary wasps belong to the genus 
Oclynerus. They have a wider petiole than Eurnenes, and all 
live in holes in walls, in Avood-work, or in the ground. 
Oclynerus parietum is a 
common British species Avith 
very variable black and 
yelloAV colouring, sufficiently 
Avasp-like to have gained for 
it the name of the Wall 
Wasp (Fig. 328). Odynerus 
syinipes is also fairly com- 
mon ; it is rather larger 
than 0. parietmn and has 
narroAver, yelloAv, transverse 
bands on the body ; also on 
the femur of each of the 
second pair of legs are 
characteristic little project- 
ing teeth. This species 
makes its nest in banks, 
protecting the mouth of it 
Avith a small projecting tube of earth, beautifully made but 
Amry fragile. All these solitary Avasps provide for their young 
in a Avay unlike that of any of the social AA^asjDs or bees, for 
after having laid an egg in the little burroAv or tunnel that 
she has excaA^atecl or taken possession of, each mother Avasp 
collects and places in the burroAV one, or often several cater- 
pillars Avhich appear partly stupefied, possibly, it is thought, 
OAving to their having been stung before they are stored aAvay, 
though this does not seem an established fact. On these 
caterpillars the larvae feed. 



Fig. 328.— Tlie Wcall Wasp 
( Oclynerus xjarieium). 


Families : Poaipilidae and Sphegidae (Digging Wasps) 

The Digging Wasps differ from the Solitary True Wasps 
(^Eumenidcie) in certain points of structure, though in habits, 
and sometimes in coloration, they resemble them. They are 
therefore classified apart from all the true Avasps in the 
division Fossores, of Avhich PompilidcLG and SyyhecjidcLe are the 
tAvo chief families. In these forms, the front Avings are not 
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folded over longitudinally when at rest, and the eyes have 
not the kidney shape characteristic of true wasps. They 
all have the habit of burying with their eggs a mass of 
stupefied insects or spiders to serve as food for their larvae ; 
the individuals of one generation only in rare cases live to see 
their offspring and yet they make elaborate arrangements for 
their well-being. Their instincts are complex and wonderful, 
but intelligence seems lacking ; the consideration of the habits 
of these wasps is one of great interest when the contrast 
between instinct and intelligence is being considered. 

The Pom^nlidaey or “ Eunning Wasps,” are sun-loving, red- 
bodied forms, with a long “ pro-notum ” j ^ they have no well- 
developed petiole, though the “ first ” abdominal segment may 
be slightly narrowed. The hind legs are relatively very long, 
and these wasps are very active runners; they tunnel little 
nests in banks and store them with paralysed spiders for their 
young. Pompilus viaticus is a common British species. 

The Sihegidae^ or ‘‘Sand Wasps, have a short “pro- 
notum’^ and a petiole so narrow that the abdomen often 
appears stalked. The “ Common 
Sand Wasp ” [Ammoihila sahilosa) 
buries caterpillars for its larvae in 
vertical burrows ; the yellow and 
black “ Meadow Sand Wasp ” [3Iel- 
limes arvensis) has a rather short 
petiole ; it preys on Diptera. There 
is a ver}^ similar but weevil-killing 
Sand Wasp {Cerceris arenaria), and 
also many British species of CrabrOj which usually form their 
burrows in the pith of stems, in rotten wood, or in the ground, 
storing them with flies for their larvae. Or air o is black-bodied 
or wasp-like in colouring, and the larvae spin tough, brown 
cocoons.- 

^ Tliis is the upper part of the first tlioracic segment, which is lierc separate 
from the side pieces. It may he recalled (see p. 401) that the thorax is 
niiited in Hymenoptera with the first abdominal segment, and it is really the 
second snch segment that forms the “petiole.” 

“ For a most interesting account of Sphex, a South European Digging Wasp, 
see Insect Life^ by Fabre (Macmillan, 9d.). 



Fig. 329. — The Common 
Sand Wasp (nat. size) 
( A m mopliila sah ulosa). 
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Classification of Bees and TFasi^s mentioned in ChaiJters 
XXVIL and XXVIIL 

Sub-order. Hymenoptera aculeata (the Stinging Hyinenoptera). 

Division 1. Anthophila (Family Apidae). Bees with protrusible 
XDrobosciSj feeding on nectar or pollen ; the body 
hairy, some of the hairs plumose. 

(For further classification see pp. 427-8.) 

Division 2. Diploptera. Waspshaving the front wings folded 
once longitudinally when at rest ; eyes kidney- 
shaped. 

Family Vespidae. Social wasps. 

Genera. Vespa. Polistes (not British). 

Family Eumenidae. Solitary true wasps. 

Genera. Eumenes. Odyncrns. 

Divisions. Fossores. The Digging Wasps. Solitary, carnivor- 
ous forms, front wings not folded when at rest, 
eyes not kidney-shajied, no “ worker ” caste. 

Family Pompilidae. The Running Wasps.” 

Genus. Pompihis. 

Family Sphegidae. “ The Sand Wasps.” 

Genera. Ammophila. MelUnus. Gerceris. 

Grabro, Spkex. 

Practical Work on Wasps 

1. Hunt for a wasps’ nest on a sunny, sandy bank, tracking a 
wasjD to the entry of the nest. Having found one, sit down quietly 
a few yards from it, and watch the wasps going in and out. Note 
their mode of flight, in what directions they go, the number enter- 
ing and leaving the nest within a certain time, and the effect of 
weather on this number. In the late evening, when the wasps 
have all returned to the nest, put over it a large sheet of coloured 
paper in which a hole has been cut which just corresponds with 
the entrance of the nest, pin the paper firmly down, and, then be 
out before the wasps next morning, and watch the effect on them 
when they observe the transformation of their front door. 

After this paper has been left over the nest for several days, 
change it, trying the effect of different colours in succession, and 
also the effect of transferring the last paper, after the wasps have 
got quite used to it, to a position a yard or so away from the real 
opening of the nest. 

Give a few wasps from the nest a feast of jam, and whilst they 
are feeding dab some of them on the hack of the abdomen with 
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distinctive; bright-coloured paint, and then keep watch specially on 
these individuals for a few days. Try to follow certain wasjDs as 
they leave the nest, and discover what they do with the pellet of 
earth they are often to be seen carrying out with them. 

2. Destroy a colony of wasps by going out at night when all 
the wasj)s are safely inside, and stuffing into the entry of the nest 
rags soaked in potassium cyanide. Push the rags several inches 
into the nest with a stick, and then further cover the entry with 
a sack, on to which throw a few spadefuls of soil. Great care must 
be taken that none of these rags are left exjDosed at the surface, for 
potassium cyanide is a deadly poison. 

The next day remove the rags, and dig out the nest very 
carefully, following down the tunnel from the entry until the nest 
is disclosed. Most of the wasps will be found to be dead ; some 
may be only stupefied, and these can be rajDidly killed by dropping 
them into a pot of paraffin and water. The puj)ae, however, in the 
cells of the nest may still hatch out, and these and the larvae, 
whether alive or dead, must be carefully removed from the cells if 
it is desired to keep the nest. Its structure should be exposed by 
removing the covering from one side, when a careful examination 
of it can be made. 

3. From the specimens of larvae, pupae, and adult wasps removed 
from the nest, the different stages should now be studied, careful 
sketches being made of each, preparations of jaws, legs, sting, etc., 
also being made for examination under the microscoj)e. 

4. In the autumn, a queen wasp about to hibernate may be 
caught, and if she is put into a box with a piece of muslin j)inned 
in an upper corner, she will fix herself to this with her jaws and 
hibernate until March. ^ She may then be put into a large box, 
in which an earth bank has been made, and if well fed with 
honey, she may be induced to burrow in the bank, and to make 
her nest there. She must, of course, be supplied with a piece of 
well-seasoned wood from which to make “wasp-paper’^; as soon 
as she has begun to build she may be allowed free exit from the 
box so that she may go out and find her own food. The gradual 
development of the nest will prove a most interesting study, though 
eventually the- colony may become so numerous that the wasps 
become a pest 

5. Be on the watch for solitary wasps ; study carefully any 
you see, identifying them by reference to British Hymenoptera 
Aciileataj by E. Saunders. Bead Wasps, Social and Solitary, by 
G. and E. Peckham ; also Insect Life, by J. PI. Fabre. 

^ Leaflet 10 of the School Nature Study Union, Some Insects and their 
Habits, by C. E. Isaacson. 
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INSECTA {continued) 

Order : Hyisienoptera (contimied) 

Family : Formicidae (Ants) 

. The ordered lives of the communities of the 
honey bee, and other social bees, are wonderful 
for their almost ceaseless activity, for the mathe- 
matical precision with which the brood-comb and honey- 
comb are formed by the workers, for their industry in collect- 
ing nectar for present and future use, for the strange and 
utter absorption of the queen- — the only mother in the hive — 
in the work of egg-laying, and for the untiring care of the 
young by the workers. In fact, we can only marvel at the 
wonderful instincts which make up the ‘‘spirit of the hive,^' 
and which have brought this communal life to so great a 
degree of perfection. 

Nevertheless, the lives of these bees are limited in many 
directions. They have to spend much of their energy in 
constructing their combs of wax, their food is very restricted, 
and is not to be found in the winter, when they are 
dependent on their stores — and to store sufficient food 
means hard work during the summer. In consequence their 
lives show little variation from the almost automatic round 
of cell-making, brood-rearing, and food-getting, and the lives 
of the workers are short as well as strenuous, rarely lasting for 
more than twelve months, and often for a much shorter time. 

Ants also live in large communities, but they 
have simplified to some extent the material side 
of their lives ; their homes in the earth are far simpler, and 
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require less expenditure of energy; also they can readily 
migrate from one place to another if necessary. Their 
diet is less restricted; they will eat animal and vegetable 
matter of many kinds, and so their food is far more readily 
obtained than the bees’ restricted diet of pollen and nectar. 
They have, therefore, more time and energy to spare for 
other things, and we find amongst them apparently greater 
plasticity. .They have developed much more varied instincts 
than bees, and have adapted themselves to a more varied 
existence. In the hunting raids, the herding and harvesting 
activities, and the crop-growing habits of different ants, we 
see indications of a higher type of development, bringing 
these minute members of the animal kingdom nearest to 
human beings in the organisation of their social life, and in 
the division of labour amongst the workers of the community. 

Tijie: The Yellow Meadow Ant (Lasius flavus). 

In order to get some idea of the general course of ant 
life, it may be well first to study in detail the life of such 
a simple community as that of the Yellow Meadow Ant 
(Lasius flavus)^ which is common in light, rather moist soil, 
and forms inconspicuous nests a short distance below the 
surface. Often the only visible signs of these on the surface 
are a certain amount of loose earth — sometimes forming a 
small mound — -which has been cast out by the ants as they 
burrowed, and the many ants to be seen running about, 
or disappearing down one of the openings. If the nest 
is traced down from one of these entrances, it is found 
to consist of a network of little tunnels, the ‘‘ galleries,” 
with larger cavities, the “ chambers ” of the nest, excavated 
at intervals at different levels. In excavating, the ant uses 
its jaws in scraping away and carrying out the earth, and 
also in pressing the walls of the galleries to make them firm. 
The front legs also help in scratching out the soil. 

If in the summer the ant-hill is turned over 
of found to be swarming with little, 

yellow, wingless "'worker” ants, and to contain 
also many tiny white eggs, larvae, and pupae, each lying 
in separate chambers (Fig. 330) ; these will be at once seized 
upon by the disturbed workers, and carried away to a place 
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of greater safety. A further search will also disclose a 
much larger, brown, wingless ant. This is the queen ant, 
who is probably the mother of the whole community, and 






Fig. 330. — Diagram of a section of a small part of the Nest of the 
Yellow Meadow Ant. ( x 4.) 

Ej Eggs ; L, larvae ; P, pupae ; W, worker ants ; Q, queen ant. 

who is now entirely occupied in hiying eggs, being constantly 
tended and fed by the workers. In a large nest there may 
be several queens (see p. 452). 

In the spring, onl}^ the wingless queen and her workers 
will be found in the nest, but in the summer there will 
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also be many smaller, winged forms, Avhicli are the male 
ants (Fig. 331, &), and several young, winged queens, who, 
however, will not normall}^ lay eggs until they have been 
out with the males for their marriage flight,'' after which 
thej^ will form new nests. 

To study in detail the structure and habits of these ants, 
the queen, a handful of workers, and some of the brood should 
be brought home in the spring, and kept for observation 

in such a nest as that de- 
scribed on p. 470. 

External The workers 
Structure usually of 

(a) The two sizes, the 
Worker. ' being 

shown in Fig. 331, a, but 
the structure is similar in 
both forms ; the division 
of the body into head, 
“ thorax," and abdomen is 
X ✓'I very distinct. 




a. 



I 

n^bsi^e 



Fig. 331. — Tlie Yellow Meadow Aiit 
{Lasius Jlavus). 

a, Worker; h, winged male ; c, young queen. 


Fig. 332.— The Head of the 
Wood Ant from in front, 
m, Mandible ; g, tongue. 


The head bears two compound eyes, each Avith about 
eighty facets. In many ants the Avorkers have three simple 
eyes in addition (Fig. 332), but this is not so in the 
YelloAv MeadoAv Ant. There is one pair of antennae Avith 
an elboAv-like joint betAveen the long basal segment and 
the eleven-jointed terminal part. The mouth is surrounded 
by an upper lip (labrum), tAvo toothed lateral mandibles, 
Avhich can be moved independently of the other mouth- 
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parts, and a pair of lateral soft jaws or maxillae, each pro- 
vided with a palp and a row of bristles with which the 
antennae and legs are cleaned. Below the month is the 
labinm, also bearing a pair of palps, and a median lobe or 
tongue with Avhich the ant licks np food and cleans itself 
and its charges ; the duct of the salivary gland opens at 
the base of this tongne. Just below tlie month and above 
the lower lip is a little sac-like cavity (the “ infra-bnccal 
sac'') which opens close to the month (for its use sec p. 453). 

The thorax consists of the usual three segments, fused with 
one abdominal segment, as explained on jx 401. Underneath 
the three thoracic segments are attached 
the three pairs of jointed legs always 
found in insects, and three spiracles 
are 23rcsent on either side. The legs, 
as usual in insects, have four joints and 
then the five-jointed foot (tarsus), the 
basal joint of the tarsus being un- 
usually long (Fig. 333). There is a 
little projecting spur between the tibia 
and tai’sus of each leg, and on each 
front leg tins is specially large_ and yellow Meadow 

movable, and has a concave inner Ant. 
surface beset with a row of stiff 
bristles, which faces a similar concavity set with bristles on 
the first tarsal joint. This structure is known as the “strigil" 
(Fig. 333), and is used in cleaning the antennae and back 
legs, which are drawn between the bristled surfaces. 

The Abdomen , — This term is generallj^ taken to refer only 
to the swollen hind body or gaster, though, as has been 
mentioned, part of the true abdomen is reall}^ fixed to the 
thorax, and, as in all ants, the hind body is separated from 
the “ thorax" by a much constricted stalk or “ pedicel,” formed 
of one abdominal segment (or “node'’) in Lasius, but of two 
in many ants (see classification, pp. 468-9). Five segments 
can be seen externally on the “ gaster ” Avhen viewed from 
the side, but only three can be clearl}^ seen from above. Three 
more segments are to be made out by dissection, but are 
hidden in life. In many species of ants there is at the 
end of the abdomen, in both workers and queens, a sting 
formed of a jDair of needle-like, smooth styles surrounded by 
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two grooved pieces forming a sheath ; but these are not 
developed in LasiuSj though the poison -gland, usually 
correlated with such a sting, is large, and opens near the 
tip of the abdomen. Worker ants, like worker bees, appear 
to be imperfectly developed females ; the ovaries are present 
though reduced, and eggs are occasionally laid which, 
although not fertilised, usually develop parthenogenetically 
into male ants, though recent observations show that this 
is not always so.^ 

The queen is much larger than the workers and 
Que'en^ is of a dark-brown colour (Fig. 331, r). Her life is 
generally much longer than theirs, extending to 
seven or eight years, while they probably die after two or 
three years. The thorax of the queen bears two pairs of 
membranous wings when she is young, though she loses them 
. when she settles down at the head of a colony. Her gaster 
is relatively larger, and her eyes and antennae are bigger, than 
in the workers, and she has, besides the two compound ej^es, 
three simple eyes arranged in a triangle in the centre of her 
head, as in the worker Wood Ant (Fig. 332). 

The male ants are also winged, but are smaller 


(c) The 
Male Ants. 


body even than the woxdcers. They have, how- 
ever, relatively larger eyes and antennae, but 
smaller jaws. They only appear in the summer, and do not 
return after the marriage flight to the nest from which they 
came ; they are, therefore, only to be found in the nest during 
a short period. 

In the early summer, when no males exist, the 
may be found surrounded by workers, who 
stroke her with their antennae and lick her with 
their tongues, whilst she stays motionless, or merely responds 
to their caresses by crossing antennae with those nearest her. 
At other times, she will walk about the nest dropping minute 
white eggs, Avhich are at once picked up and carried off by 
some of her attendants. Sometimes an ant who has been 
out foraging for food will ajxproach her, and, regurgitating 
from her own crop the liquid food she has swalloAved, will 
offer it to the queen on her tongue. 

The eggs are very small, white, oblong bodies about 
of an inch long ; they are carried oft* by the workers 
^ W. M. Wheeler, AniSj p. 71, 
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to a dark chamber where they are all kept in a little heap, 
and are dail}^ licked over by their nurses, whose saliva 
is probably antiseptic and so prevents the growth of fungi 
on the eggs; it also causes the eggs to stick together, 
and consequently they can be more quickly removed from 
one spot to another when necessaiy. 



EL C. -P. 

Fig. 334. — Stages-iii the Life of the Yellow Meadow Ant. ( x 12.) 
E, Egg ; L, larva ; C, cocoon ; 7*, pupa removed from cocoon ; Pl, pupa seen 


from in front. 

The eggs may vary a little in size and shape, but no 
distinction has yet been demonstrated between those that 
will develop into the different kinds of individuals in the 
nest. 

The larvae which hatch out from the eggs are soft, blind, 
legless grubs, narrowest at the head end, which is curved 
over (Fig. 334, L). The soft body behind the head is divided 
into thirteen segments, and is covered with very fine, white 
hairs. The larvae have moutii-parts corresponding with those 
of the adult ant, but as they have no legs and cannot move, 
tliey are entirely dependent for tlieir food on their nurses, 
who feed them on regurgitated liquid. As the larvae grow, 
and new larvae are hatched out, they are sorted b}^ the nurse- 
ants according to size, and the different groups are placed in 
different chambers of the nest. All are kept clean by being 
licked over regularly, and occasionally they are moved from 
one part of the nest to another — probably being brought 
nearer the surface for warmth, or taken to a deeper chamber 
for more moisture and less light. The workers cany the 
larvae in their mandibles, picking them up very carefulljq 
and shifting them until they have got them just into the right 
position. 
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The Piupa , — When the time for pupation comes, the nurses 
either bury the full-grown larvae in the earth, or cover them 
with particles of earth, and each larva then proceeds to spin 
a silk covering round itself, which is the cocoon (Fig. 334, C). It 
accomplishes this by pressing its lower lip against the earth 
and fixing there a silk thread, which issues from the opening 
of the spinning gland on the lower lip. It then draws the 
thread out, and moves its head from side to side, until it 
has lined the whole of the cavity around it with a web of 
silk ; after this it straightens its body and rests. 

The workers now uncover it, and carefully pull away all 
the earth particles, leaving the larva surrounded only by its 
yellowish-white cocoon of silk. The larva within soon throws 
off its larval skin, which is pushed to one end of the cocoon, 
and if the cocoon is removed the pupa is seen with all the 
parts of the imago clearly visible (Fig. 334, P) ) the body 
gradually darkens, the eyes becoming very black; when 
it is fully developed, the workers cut up the cocoon on one 
side and help out the new young ant, still rather' pale and 
weak, and known at this stage as a callow.’^ 

A ‘‘ callow ’’ receives at first a good deal of attention. The 
workers help her to unfold her legs, and they clean and feed 
her, but as soon as her skin has darkened and hardened 
she is left to shift for herself. She does not, however, leave 
the nest till she is several days old. 

The time passed in any one of these stages — and conse- 
quently the time taken to complete the development — is found 
to vary a good deal according to the temperature, and, 
therefore, according to the time of the year. The larvae 
\vhich are hatched in the spring become adult ants in a few 
weeks, whereas those hatched in the late summer spend the 
whole winter as larvae. 

Males and Females . — In midsummer, some of the eggs will 
develop into winged ants, most of which are males, though a 
few are females or young queens. The factors which cause 
apparently similar eggs and larvae to develop so difierently 
have not yet been deteimiined, although it has been 
shown that underfeeding seems to be correlated with 
“worker^’ structure. There is no proof, however, that 
further difibrentiation into special kinds of workers, or the 
development of males and females, is due to special feeding, 
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such as is thought to obtain amongst honey-bees, and 
indeed, even in the latter case, as has been said,^ there is 
not absolute certainty on this point. 

The When the new young queens and the males are 

Marriage fully developed, they become restless and try to 
Flight, leave the nest, but are restrained, it is said, by 
the workers, until one speciall}^ favourable day, when they 
all: — queens, males, and woidvcrs — come up to the surface, and 
the winged forms climb up the grass stalks, so as to be able 
to spread their wings ; then away they fly, rising higher 
and higher until lost to sight. All colonies in the same 
neighbourhood are said to send out their winged forms on 
the same day, and they mingle in the air, so that mating 
takes place amongst members of different families. 

The males do not long survive the marriage flight, and do 
not return to an underground life at all, but the fertilised 
queens are now only just beginning their careers. Occasion- 
ally, after the marriage flight, a queen may alight near her 
old home and be led back into it by her nurses. More 
usually she falls to earth to find herself quite alone, and alone 
she founds a fresh colony. 

The solitary queen first commences action by 
Founding pulling off her wings, for which she has no further 
of a Nest, excavates in the earth a small, 

single burrow with an enlarged chamber at the end, and 
closes up the open end. In this hidden retreat she rests for 
some weeks, until her eggs arc mature, when she lays a little 
batch of them. When the grubs hatch out, she tends them 
herself, and feeds them on her own saliva. Fed with this 
food onl^q they develop slowly, and finall}^ pupate and in’oduce 
little under-sized workei^s. It may have taken seven or eight 
months for the queen to produce and bring up her first small 
family, and all this time, whilst their whole upbringing 
depends on her, she takes no food whatever, nourishing both 
herself and them on the now superfluous substance forming 
her wing muscles, and on the fat of her own body, which she 
accumulated during the time when she was a young princess 
in the old nest, fed assiduously by her nurses. 

Soon, however, she is once more to be cared for herself, 
for before long the new young workers make their way out 
’ See p. 416. 
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of the ground to the outside world ; they bring in fresh food 
and set to work to feed their m other, after which they at 
once begin to enlarge the burrow^ in all directions. As fresh 
eggs are laid, these workers undertake the whole care of them 
and the nurture of the larvae. 

The queen is able now, therefore, to give herself up entirely 
to the work of adding to the numbers of the colony, and, fed 
and tended by her offspring, she may live for many years — an 
ant queen has been kept alive in captivity for fifteen years. 
The coloii}^ grows in number to thousands, and each year it 
sends off swarms of winged forms, amongst which are the 
queens who maj^ form new colonies. The forming of a new 
colony is, however, obviously an arduous task, and very many 
of the young queens perish in the attempt. 

Occasionally, though rarely, two young cpieens may alight 
on the earth close together after their marriage flight, and 
form a colony together ; and sometimes, as has been said 
above, a young queen will return to her original home, where 
she is welcomed by the workers and allowed to remain by the 
old queen ; hence, unlike the case in bees, it is not an unusual 
thing to find an ants’ nest with two, three, or even more 
queens, all equally cared for, and all busily adding to their 
united colony. 

In some species of the genus Formica as many as fifty 
queens may exist in one nest. In such a case there was 
probably no marriage flight, but the new young queens,* 
their wings having been removed by the workers,^ were 
forcibly retained within the nest, the marriage union taking 
place undergrouTid. 

Ants are extremely fond of sweet juices, and 
"^^^J^^^^for this reason they are friends to certain species 
of green-fly (Aj^hides), which, when they have 
been actively feeding, excrete from the end of the body a 
sweet juice known as honey-dew. (The substance secreted 
from the two little tubes, which project near the end of the 
body, is not honey-deAv, though it is often mistakenly de- 
scribed as such.^) The ant runs after the Aphis, and, by 
gently stroking its body with her antennae, she induces it to 
give out this honey-dew, Avhich she then licks up greedily. 
The special Aphis which the Yellow Meadow Ant favours is 
^ W. ]\r. Wheeler, Ants, p. 191. - See pp. 318-19. 
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the colourless sjDecies which feeds on roots. The ant collects 
these Aphides and keei^s them in little flocks, feeding on the 
roots near its own nest, so that it can obtain honey-dew when- 
ever it is wanted.^ Some ants go even further than this, 
for they have been known to collect, in October, the eggs of 
Aphides which live on plants above the ground, and to carry 
them down into their nests and tend them as carefully as 
their own eggs all the winter until the following spring ; then 
the young Aphides which have hatched out are brought by 
them- to the surface, and deposited on the food plant they 
need, where they can be visited by the ants when hungry. 

Most ants feed also on any animal matter that comes in 
their way, such as a dead fly, and probably the Yellow Ant 
will vary its diet in this way at times, though it seems to live 
mainly on nectar and honey-dew. 

When feeding on anything solid, the ant first packs it into 
a little pocket lying below the mouth (see p. 447), and here 
all the juice possible is squeezed out of it and is swallowed, 
for only liquid matter can pass down the very fine oesophagus 
leading to the ^‘crop,'^ which is situated just beyond the 
pedicel or waist. The solid residue is ejected from this 
“ infra-buccaP’ pocket later (cf. p. 467). 

. As a rule only some of the ants go out to forage, and on 
their return they feed the queen and the nurses who have 
stayed in the nest to look after the eggs and larvae. It is a 
curious sight to watch one ant feeding another. When the 


a. B. 



Fig. 335 . — Lasius Jlavus. (Much eularged. ) 

One Ant, A, feeding another, B, 


forager returns, a hungry ant runs up to her and begins 
rapidly stroking her cheeks and head with her antennae as 
if begging for food ; the foi‘ager then opens her mandibles 

^ Lubbock, Ants, Bees^ ancl Wasps^ p. 72. 
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wide and protrudes her tongue, regurgitating food from 
her crop into her mouth ; the hungiy one then excitedly 
presses up to her and begins licking up the food off her 
friend’s tongue, all the while continuing to stroke her, 
lifting her front legs and holding on to those of her 
companion, which are also raised, so that they stand in the 
position shown in Fig. 335. This feeding may continue for 
as long as five minutes, during which time other hungry 
workers may come up and try to get a turn. The moment 
the first has had her fill, one of these rushes in and attempts to 
get a second meal from the forager, who sometimes, however, 
refuses it, shutting her mandibles and running off. 

As soon as they have fed, the workers busy themselves 
with cleaning their antennae, passing the front leg right over 
them, and then drawing them through the “ strigil ” (page 
447). They are very daint}' in their toilet, and keep their 
bodies perfectly free from dirt bj" regular lickings and 
brushings. 

During the coldest months of the year the ants 
^Winter^^ retreat farther underground, occupying onl}^ the 
lowest parts of their nests ; there they remain in 
a semi-torf>id condition without feeding until the spring, a 
large number of the workers always clustering round the 
queen as if to keep her warm. 

The Senses of Ants} 

Though ants have two complex compound e3’es 
'of^sfgkfc ^ and often three simple ones as well, their power of 
sight is probabl}^ very limited, for their eyes do not 
seem adapted for producing clear images of external objects. 
The compound eyes, according to Exner’s - view, form a 
single, upright, much -reduced image of an object, and the 
more convex the surface of the eye, and the greater the 
number of facets in it, the clearer is this image ; if this is so, 
the specially large convex eyes of the male must be particu- 
larly valuable as enabling him clearly to see the flying queens. 

The simple eyes, or ocelli, on the other hand, probably 
foimi a reversed image on the retina, as in our own eyes, and 

^ See The Senses of Insects, by Auguste Forel (published in English, 190S). 
“ Die Physiologic dcr facettirten A ugcii von Krebsen und Insecten (1891). 


XXIX 


INSECT A: HYMENOPTERA 


455 


if both sets of eyes are in use at once confusion is suggested. 
However, it may be that these ocelli are only used for objects 
very close to the eye, whilst the comjiound eyes alone are used 
when looking at objects farther off. 

Undoubtedly ants are very sensitive to light, specially 
disliking blue and violet light, as has been shown by Lord 
Avebury^s experiments, in which he covered a formicarium 
with strips of different-coloured glass, and found that the ants 
always removed themselves and the brood from under violet 
glass, and took up their position by preference under the 
red, though some were also to be found under the green 
and yellow strips. They would, however, collect under the 
violet strip rather than be exposed to full light under plain 
glass. Lord Avebury from his experiments also came to the 
interesting conclusion that ants are very sensitive to the 
shorter waves of light which extend beyond the blue end of 
the spectrum, and he suggests that they may, therefore, 
perceive a colour which is unknown to us, which would make 
their view of things very different from ours. 

Ants seem to be quite oblivious to sounds 
of^earing range of hearing, though in many, 

ants, Lasms flamiB amongst them, a certain peculiar 
organ has been described ^ on the first segment of the gaster, 
which is thought to be an instrument for producing a sound 
of very high pitch. It consists of a number of fine, j^arallel 
ridges running across the first gastric segment, which, when 
scraped upon by the overlapping edge of the segment in 
front, produce a sound so high in j^itch that it is in most 
cases inaudible to the human ear, but which is probably 
audible to ants. The existence of special auditory organs to 
respond to this sound is not yet fully demonstrated, though 
certain structures (“ chordo-tonaU’ organs) in the tibia of each 
leg may be auditory in function. 

The sense of touch is highly developed and 
of great importance to ants. Sensitive hairs 


The Sense 
of Touch. 


are specially developed on the antennae, the chief 
tactile organs with which the ant feels object after object 
as she moves forward, and with which she appears to com- 
municate with her fellows. That they do thus communicate 
can hardly be doubted if they are watched, especiall}^ on an 
^ Lubbock, Ants^ Bees, and Wasps, p. 230. 
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occasion when one solitaiy ant, having found food, returns 
to the nest, and apparently spreads the news. 

Several different actions can be easily distinguished which 
seem to have special significance. There is the gentle 
stroking of the face of a forager by an ant supplicating 
for food, the violent butting with the head and excited 
waving of antennae when an ant hurries home after finding 
a store of food, and many other gradations of movement of 
the antennae, the significance of which is as yet obscure to us. 

The sense of smell is also acute, and together 

The Sense sense of touch seems concentrated in 

of Smell. . 1 1 • 

special hairs on the antennae. As the latter are 
waved about, probably the ant is learning as much about 
its environment by the various odours it detects, as by the 
actual touch impressions. Imagine how much more our 
sense of smell would mean to us if we could smell with our 
fingers, and thus be able to investigate the variations in the 
odour of every crack and cranny of an object. Loss of 
keenness of this sense is one of the disadvantages of the 
upright position — which in other ways has given man so 
many advantages — for the lower animals, with their heads 
down, can sniff out the messages of the ground which arc 
lost to us. It is probably by this keen sense of smell and 
power of discriminating odours that ants distinguish their 
friends from their foes ; ants removed from a nest arc 
recognised and welcomed after months of absence. 

Besides possessing special sense organs, it is also neces- 
saiy for the brain to be sufficiently developed to interpret 
the sensation received, and we find that whilst the worker 
ants seem to learn much from, and depend much upon, 
this special ‘‘ contact-odour ” sense, as it has been called,^ 
the male ants, with the same sense organs but far smaller 
brains, are exceedingly stupid, and are unable to distinguish 
friends from enemies, or to find their way back to the nest 
if they stray from it. 

The sense of taste seems to be located in 
"of Taste ^ certain sensory hairs found round the mouth on 
the soft jaws and lower lip with its joalps. 
Undoubtedly ants have a decided predilection for one food 
over another. 

^ Auguste Forel, Ants and some other Insects. 
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Experiments liave been carried out witli differ- 
intSlig^a^e^ kinds of ants which seem to suggest that they 
certainly ]30ssess memoiy. Forel describes how 
an antj having found a good spot for a new nest, perhaps 
30 metres from the old nest, returned, and seizing a sister 
ant, carried her back with her straight to the spot, evidently 
remembering the desired goal of her excursion. Even more 
conclusive are the observations which have been made on 
the red slave-making ants, Polyergns (see p. 461). These 
ants, led by “ scout ants who have been exploring the 
ground before, go some distance to raid the nest of the little 
black ant, Formica fusca, and carry off the larvae and 
to their own nest. If the black ants’ nest is cleared at the 
first raid, the slave-makers do not return to it, but if some 
of the brood is left behind, they will return on the same 
or the next day to carry it off — which suggests that their 
action is due to their memory of the spoil left behind on 
the first raid. 

Also it has been shown that some ants can be trained 
to come and feed off the finger, or to make use of an artificial 
bridge placed over a water moat round their island nest, and 
that individuals vary greatly in the ease with which they 
can be thus taught.^ 

From these and other observations and experiments it 
api^ears obvious that ants learn by experience, and possess 
some kind of memory ; but possibly this is merely a matter 
of association of sensory impressions, and no power of recalling 
facts may exist apart from this sensory stimulus. That ants 
have true recollection, or that they have any power of 
reasoning, is as yet not demonstrated, though this has often 
been claimed for them by investigators. 

They certainly sometimes exhibit a decided individuality, 
as indicated by the individual dislikes they show. For 
example, one ant in a colony kept by Forel cherished an 
antipathy for another ant of an adjacent colony kept on the 
same table. Three times this ant seized its hated neighbour 
and threw it over the precipice of the table edge, the perse- 
cuted ant being each time picked up and replaced by M. Forel. 

Ants react to some stimuli much as higher animals do. 

1 Cp. G. Turner's experiments quoted by W. M. Wheeler in Ants, 
p. 537. 
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They are made bold by success, and sometimes are so 
demoralised by failure that a pugnacious colony will turn 
arrant coward, and flee before a handful of much wealcer 
ants. Also in their apparent devotion to the welfare of 
the nest they vaiy considerably, and all these points tend 
to show a plasticity which is usual where intelligence is 
at work. 

Other Besides keeping in , their nests flocks of 
Inmates of Aphides, which supjfl}^ food for the colonies, ants 
the Nest, tolerate, and even in some cases seem to welcome 
other, very varied inmates. 

In the nest of Lasius flavus we find two kinds of little 
white creatures that wander about, tolerated or unnoticed by 
the ants ; these are : — 

(1) A little white wood-louse with very short antennae 
— and a very long name ! — Platyorthrus Iloffmannseggii, which 
strolls slowly about the nest, ignoring the ants and their 
larvae, feeding probably on the refuse of the nest, and so 
acting as a scavenger (see p. 192). 

(2) Another tiny, white, blind form, a wingless insect 
allied to the “Springtails” (see p. 237) and known as BecJcia. 
This also is ignored by the ants, but seems to be really of 
use to the colony in scavenging. These are often ^Dresent in 
numbers in the nests, running actively about. 

Then also Lasius flavus allows in its nest, and indeed 
treats with great favour, a yellowish-coloured, small, blind 
beetle {Claviger testaceus)^ characterised by its 
small wings and club-shaped antennae of 
very few joints. On the body of this beetle 
are yellow hairs which secrete some volatile 
substance much loved by the ants, who are 
constantly to be seen licking it off. Wasmann 
. ^ suggests, from the fascination this substance 

Acti/aUeng^h^J4^ aiits, that it must affect them 

h, Secreting hairs, as a good cigar affects a smoker ! It is, 

however, rather a dangerous fascination for 
the ants, for the beetle, though fed regularly by its hosts 
with regurgitated food, nevertheless is said often bo eat the 
ant larvae. In spite of this the ants cherish the assassins, 
feeding them, often carrying them about in their jaws, and 
even allowing them to ride on their backs ! 



Fig. 336. 
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In the nests of other ants many other inmates are known. 
In fact, it is said that as many as 1500 different kinds or 
Arthropods have been found in ants’ nests, about 65 of 
these being different British beetles. In all these cases the 
intruders, by living with the ants, get a protected and 
sheltered home and a plentiful supply of food, and yet but 
few of them seem to do anything in return, except the 
Aphides, who supidy honey-dew, the scavengers who clean 
the nest, and the beetles mentioned above which have the 
secreting hairs. On the other hand, many of the guests are 
assassins, at times killing and eating the larvae of the ants, 
and sometimes even the ants themselves. 



Fig. 337. — Atemelcs, .a parasitic beetle, soliciting food from a worker ant, 
(After Wasmann, from Wheeler.) 

Two of these murderous beetles are Atemeles and 
Lomechusa, both belonging to the Stcvphylinidae and so 
allied to the Cock-tail beetle (p. 281). These beetles are 
welcomed by the ants, who constantly lick the tufts of 
yellow hairs on their bodies, caressing them with their 
antennae, and regurgitating food for them, in spite of which 
the beetles will eat the ant larvae. The beetle larvae, on 
the other hand, are nursed and fed by the ants exactly as 
if they were their own, and this nursing “ obsession ” on the 
part of the woi'kers results, strangely enough, in the saWation 
of the ant colony from the beetles, for the beetle larvae die 
under the treatment to which they are subjected. The ant 
larvae need to be buried before pupation, and unearthed 
again a few days later, but to the beetle grubs such a process 
means destruction ; so by the very fact that they make no 
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difference between their own and their guests’ offspring, the 
ants unconsciously save themselves from being overrun and 
exterminated by their treacherous pets. 

Slave- inmates so far mentioned have been 

making merely guests in the nest, but some ants keep 

Ants. other ants to work for them as slaves. One sj)ecies 
of ant in this country which shows a slight tendency towards 
this repx'ehensible custom is the Red Horse or Wood Ant 
{Formica mfa), which builds up over its nest the conical 
hillocks so common in pine woods, consisting of pine needles, 
dry leaves, and twigs, rising sometimes to a height of 2 or 
3 feet. The winged male and female ants are nearly inch in 
length : the workers are of two sizes, the larger of them being 
only I inch long. Living in these nests are often found a few 
of the small common Ashy-Black or “ Dusky ” Ants {Formica 
fusca), helping in the work of the nest. Their presence may 
be accounted for in two ways. It is thought, though this has 
not been quite conclusively established, that the queen of the 
Horse Ant after her marriage flight often avoids the founding 
of a new colony entirel}^ unaided, by entering a small nest of 
Formica fusca, and taking j)ossession of it, killing the .old 
queen, and inducing the workers to look after the eggs which 
the invader now proceeds to lay. In such cases the “ Eufa ” 
colony would wax numerous and strong, whilst gradually the 
“Fusca” colony would dwindle, until finally the conquered 
race might disappear. 

It is also suggested by Lord Avebury that the Horse 
Ant at times carries off the larvae and pupae of the ‘‘Dusky 
Ant” for food, and that some of the jxupae hatch out in their 
nests, and remain with their captors. However, this is by no 
means an established custom with this s]Decies of ant, as it is 
with the allied Blood-red Ant {Formica sanguinea), which is 
occasionally found in the South of England, making its nest in 
a bank, though it is by no means common in this country, as 
it is in other parts of Europe. This ant regularly makes raids 
on the nest of the smaller Dusky Ant {Formica fusca), or of 
another closely allied species, and carries off the brood, rearing 
it and keeping the adults to help in the work of the nest. 
These forays take place usually in the morning, the ants 
marching in a rather straggling order direct to the nest to be 
raided. They gradually surround it, and when all have 
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arrived they enter and carry off the larvae and pupae, only 
attacking the defenders of the nest if they actively resist. 
Though this slave-keeping habit is well marked, the slave- 
maker, the Blood-red Ant, is still active and largely inde- 
pendent of its slaves, who only form a fraction of the whole 
colony, and indeed in some cases are entirely absent. 

A European ant which is allied to Formica but is not 
indigenous in England, the Russet or Amazon Ant {Polyergus 
riifescens)^'^ is a much more degenerate slave-owner, for here 
practically all the work of the nest is left entirely to the 
little dusky slaves (again usually Formica fusca ) ; the lazy 
owners no longer even clean or feed themselves, and will 
starve if the slaves do not feed them regularly — indeed the 
food must be actually put into their mouths for them. Only 
when they are going out to pillage, raiding a nest for more 
slaves, are they active, and brave, and clever. On some Julj^ 
or August afternoon they will wake to energy, -and start out 
in a compact column. Huber describes one such column, 
which occupied a space 8 to 10 feet long, and 3 or 4 inches 
wide, with eight to ten ants walking ahi’cast. They huny 
along, and having reached a nest of Formica fusca, which 
usually seems to have been previousl}^- located hy scouts, they 
drive off any ants that resist them, and swarm into the nest, 
soon emerging again, each ant carrying a pujDa or larva. If 
attacked by the rightful owners of these, thej^ kill their 
opponents by piercing them through the head or thorax with 
their sickle-shaped mandibles. They carry their booty to their 
own nests, and hand it over to the slave-nursesj and then they 
themselves lapse once more into inactivity. If isolated from 
their slaves they will die in a few days, but Lord Avebury 
found that he could keep them alive for months if he admitted a 
slave ant to them for an hour or so a day to clean and feed them. 

Some ants which live on vegetable food alone, 
have learnt to store up seeds and grains for food 
during the winter months. Certain of these ants 
live on the shores of the Mediterranean, and these seem to 
have been the first ants to be considered worthy of study ; 
mention of them is frequent in old classic writers, and it 
is to them, doubtless, that Solomon refers when he says : 

^ P. Huber, Recherches sur Ics mmurs des foimnis indiejenes (1810) ; 
A. Fore], Les Four mis dc la Suisse (1874). 
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“ Cto to the ant, tliou sluggard, consider her ways and be 
Avise ; Avhich, having no guide, overseer, or ruler, provideth 
her meat in the summer and gathereth her food in the 
harvest.” Our northern ants haA^e not acquired this habit, 
and, during the eighteenth and early nineteenth centuries, 
much doubt Avas throAvn on the subject by the naturalists 
of northern Europe. HoAvever, the facts are now established, 
and a Amry interesting account of them is given by J. T. 
Moggridge, Avho studied the tAvo species Aiki harhara and 
Atta structor'^ at Mentone from 1871 to 1873.- He saAv the 
ants hard at Avork collecting the seeds from the various 
j^lants, and carrying them back to their nests. They broke 
off the seed A^essels, usually by tAvisting their stalks or 
sometimes by biting them ; they then picked up the 
seeds Avith their mandibles and carried them off home. 
There AAmre tAvo continuous lines of ants stretching from the 
plants that Avere being stripped to the nest, those of one line 
laden Avith grains hurrying to the nest, those of the other, 
empty-mouthed, hurrying out to get fresh stores. In one 
case the double line he noted Avas 24 yards long. Before 
the seeds Avere stored, the husks Avere stripped off and throAvn 
into a heap outside the nest, and the naked seeds or grains 
Avere then carried to specially prepared “ granaides.” These 
differ from the ordinary chambers of the nest in having much 
firmer, more compact Avails, and it is suggested that it ma}^ 
be due partly to the texture of these AA^alls, Avhich exclude air 
to a large extent, that the seeds stored do not germinate; 
possibly also the moisture present is not sufficient for ger- 
mination. If the seeds are damped by heaA'-y rain, the ants 
bring them to the surface, and dry them in the sun, and then 
carry them below again. Occasionally some damp seeds 
are overlooked, and begin to sprout ; the ants then bite off 
the radicle and dry the seed. Sometimes these seeds are 
left on the “kitchen midden” outside, or occasionally seeds 
are dropped Avhen being brought in, and so it is frequently 
found that seedlings of different kinds spring up round 
the nest, and in this AA^ay ants play a definite part in the 
dispersal of plants. In collecting the seeds, jDaths are some- 
times very regularl}^ made, radiating from the nest in various 

^ .Called by Wheeler Jlfessor harharh and Messor structor. 

“ ITarcestvng A nts and Trcqjdoor Sjjiders (1873), by J. T. jAIoggridge. 
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directions ; this is very marked in the harvesting ants of 
Texas, which have been described by H. C. McCook. No 
harvesting ant is known in Britain, though the little black 
garden ant (Lasius niger) has been noticed occasionally 
carrying violet seeds into its nest. 

Ant Battles Some of these harvesting ants are very pug- 
* nacious, and are inclined to plunder one another’s 
granaries. Moggridge describes a warfare which continued 
for several weeks between two nests of Aitci barham, the 
stronger constantly robbing the other of its store of seeds. 
The rightful owners would stop the robbers as they made 
off with their plunder and a fierce fight would ensue, in 
which even the loss of half its body did not daunt a fighter, 
though the seizure of an antenna seemed always to result in 
immediate surrender. 


Honey- 


A far more curious instinct than that of harvest- 


storing ing is seen in those colonies in which specialised 
Ants. individuals store up nectar and honey -dew in their 
own enormously enlarged crops for the use of the others. 
This habit is most developed in the Honey Ants of the ‘‘Garden 
of the Gods’^ in Colorado, which have been fully described by 
McCook, but a similar habit has been observed in ants of the 
dry plains of South Africa and Australia, where food may be 
very plentiful for a short time and then become very scarce. 

Amongst these Honey Ants, some of the workers spend 
nearly their whole lives hanging from the roughened ceilings of 
special store-rooms (Fig. 338), being fed by the others when they 
come in bringing them supplies of honey-dew, until their gasters 
are almost globular; then in times when food is scarce the 
workers come to them and are fed from their abundant store. 
Fig. 339 shows one such “honey-pot’^ ant feeding a large 
ordinary worker of the same species, two smaller workers 
waiting their turns, one on either side. 

The honey ” is obtained in these cases, not from AjMcles, 
but from the sweet juices exuded from certain galls found 
plentifully on small oaks in the neighbourhood of the nest. 
Driver or Driver Ants are very common and very con- 
Hunting spicuous in the Tropics. One West African species 
. (Dorylus {Anomma) arcens) described by T. S. 
Savage ^ forms no nest, but the ants wander from place to 
^ Trans. Ent. Soc. LoncL v. pp. 1-15. 
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place, slicltcring under stones, in crevices in rocks or in the 
soil. Tliey dislike liglit, and travel at night or on a cloudy 
day. If overtaken by sunlight when no shelter is at hand, 
they construct tunnels of mud, niade to adhere by being mixed 
with saliva, and they move onwards sheltered by these. 
They feed on any desirable animal food they overtake on their 
raids, killing animals many times their own size. Moreover, 
the}^ enter any promising house they come across, and drive 
before them all the various uninvited inmates of the house, 
such as mice, cockroaches, lizards, etc., eating everything they 
fancy, whether it be any of these vermin, or any meat that 
they may find. They may clear a house of vermin, but 
their invasions are not altogether welcome to the rightful 
owners, who appear to be driven at times to sitting on 
their beds, with the feet of the bedsteads in ba.sins of 
vinegar to isolate them, until their uninvited guests have 
come and gone ! It is a curious fact that, although they live 
so much above ground, the workers of these ants are totally 
blind, and they find their way only by the ‘‘contact-odour’^ 
sense of the antennae (see p. 456). The workers vary 
greatly in size, one set forming the “ soldier caste ” with 
strong, toothed mandibles, others being much smaller and with 
small mandibles. They act in common, to a large extent, and 
Savage describes how he watched a colony, which was camping 
on a tree, form a rope of living ants, over which the others 
passed up and down from the ground to the lower branches. 
The rope was as thick as a man’s thumb, and was formed from 
above, the first ants climbing the tree-trunk, and then hanging 
from a bough, whilst others passed over them and hung on 
to their legs, and so on until the rope nearly reached the 
ground, when the last ants caught hold of a leaf of a plant 
on the ground, thus completing the ladder or bridge and 
holding it firm. 

Another use of the habit of clustering together appears in 
times of flood, when the larger workers cluster in a ball, wdth 
the pupae, eggs, and other members of the colony in the centre, 
and float in the water until they reach some foothold of dry land. 

Most ant -nests in temperate regions consist 
simply of galleries and chambers excavated in the 
earth, but in the Tropics. nests are frecpiently found 
hanging from the branches of trees, looking, it is said, like 
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Fig. 340. — The Worker of an Ant (Occo- 
■phylla srnaratjdma) using a Larva as 
a silk-prodncer when making its nest. 
(After Dollein, from Wheeler.) 


large bath sponges. These are formed of earth or of a woody 
or papery substance made of particles of plant-tissue glued 
together with a secretion from the mouth. 

Other small suspended nests are made only of silk, or of 

leaves bound together with 
silk, such as the nest of 
the common ant in Central 
Africa {Oecoihylla smamg- 
dina). These nests are 
especially interesting be- 
cause of the very strange 
way in which they are 
constructed. No adult in- 
sects known have the 
power of spinning silk, 
though their larvae fre- 
quently possess it, and in 
order to make their silken nests, the adult ants exploit the 
sillc-spinning capacity of their grubs. They seize a grub, 
and hold it out with the head forward, pressing this 
gently against the leaf, or whatever it may be to which 
the nest is to be attached, and then pull the larva away 
(Fig. 340). A very fine silk thread is then drawn out 
from its mouth, and this thread is attached again by once 
more pressing the head of the grub against some object; the 
process is continued until the whole web is woven. In 
the case of some foreign Aphid-keeping ants, their larvae are 
actually carried some distance to the Aphid herd, and there 
used in building a silken shed over the Aphides. 

Many ants which live above ground, instead of making 
their own nests, take advantage of the hollow cavities 
which occur in some plants. They take shelter in these 
cavities, and as in some of these plants extra-floral nectaries 
happen to be present, the ants in such cases find a ready- 
made home with food provided. 

Leaf-cutting- Leaf-cutting Ants of tropical and sub- 

and Fungus- tropical America, belonging to the genus Atta, 
growing present perhaps the most marvellous development 
of any of the ant family, for they undoubtedly 
cultivate a special fungus crop for food.^ In the first place 
^ T. Belt, The Naturalist in Nicaragua, 1874. 
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Fig. 341. — Five Chambers 
from the nest of a Leaf- 
cutting Ant in which 
the white fungus is 
growing (reduced). 
(After Wheeler. ) 


they form an underground nest with many large, well-venti- 
lated chambers. Then they sally forth and begin to cut 
large pieces out of the leaves of adjacent trees, carrying 
these back to the nest, where they 
are cut up into small pieces, making a 
loose, spongy mass. This is then made 
to adhere to either the roof or the 
floor of the chambers, different species 
of ants having different customs in this 
matter. The whole mass is soon held 
together by the white threads {liy]oliae) 
of a fungus which develops rapidly in 
the leaf pulp ; after a time the hyphae 
produce at their tips small white 
bodies. It is for the sake of these, ap- 
parently, that the fungus is cultivated, 
for they form the only, or at any rate 
the chief, food of the ants; moreover, it is apparently only 
when tended by the ants that these little white heads are 
formed. As soon as the fungus is well developed in the 
spongy masses, the larvae are distributed throughout it and 
are fed on it. 

The way in which these fungus-gardens originate in new 
colonies has recently been brought to, light.^ It has been 
shown that the young queen, when she goes out for her 
marriage flight, has always in her infra-buccal j)Ocket (see 
p. 447) a little pellet of the fungal food, and that when she 
founds her new colony she ejects this pellet, and with it starts 
her vegetable garden the day after she enters the eaiLh. On 
the third day she lays her eggs, and for the next five or 
six weeks she divides her time between egg-laying, cleaning 
and nursing the little grubs that hatch out, feeding them 
on other eggs, and tending her kitchen-garden, apparently 
watering and manuring the fungus with secretions from her 
own bod5L By the time the first batch of workers appears, 
the fungus is in a condition to be eaten, and it forms their 
food, though they still feed the larvae on eggs. Finally, 
about seven weeks after the founding of the colony, some 
of the workers make their way out of the earth, and begin 

^ A. von Iliering, Die Anlage neuer Colonicn unci Pilzgarten hei Alia 
scxclc7is (1898). 
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to bring in fresh leaves on which to grow frcsli fungus 
threads. From this time onward the larvae are onl}^ fed on 
the fungus, and the queen leaves ofi^ her horticultural efforts 
and gives herself up entirely to increasing her family. 

Some of these leaf -cutting ants, such as Alta teoiana of 
Texas, do an enormous amount of harm to the plants around 
the nest. This species has three kinds of worker ants — the 
smallest appear to spend their time tending the fungus beds, 
keeping them carefully weeded of any other growths ; the 
medium-sized forms go out and cut the leaves and prepare 
new beds of them, whilst the larger ants guard the nest. 

The accounts of these fungus - growing ants given by 
different investigators read like fairy tales, and yet they have 
been vouched for again and again by competent observers, so 
that we can but accept them, and wonder over them, at the 
same time bearing in mind the words of the old Dutch writer 
Swammerdam, who, writing over two hundred years ago, 
said : ‘‘ I can only recommend it to every one who shall be 
desirous of knowing the truth, to consult the insects them- 
selves, for nature far surpasses all the writings and treatises 
that may be compiled.” ^ 


Classification of the Ants mentioned in 01ia]jter XXIX, 

Sub-order. Hymenoptera acdleata (the Stinging H3Hnenoptera). 

Division 4. Heterogyna ( = Family: Formicidae). Social 
forms, always with differentiation into three 
castes of individuals, males, females, and workers. 

The first, or first two, abdominal segments — 
not reckoning that segment which is fused 
with the thorax — form ‘‘ nodes,” small knot- 
like segments, with veiy mobile articulation. 

Sub-family 1 . Gamjmio tides. One node only is present, bear- 

ing a flat, elevated scale. There is no sting, 
though poison can be ejected from the 
modified sting structure. 

Pupae usually enclosed in cocoons. 

f F. sanrjuinea (the Blood-red Slave- 
making Ant). 

F. rufa (the Wood Ant or Bed Horse 
Ant). 

\Ffnsca (the Dusky Slave Ant). 


Genera. Formica. 


^ J. Swammerdam, The Booh of Nature^ 1758. 
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(L.Jlavus (the Yellow Meadow Ant). 

Lasius. 4 L. nirier (the Common Black Garden Ant). 

\^1j. ftdujinosits (the Jet Black Antj inhabit- 
ing old posts or rotten trees). 

Fohjenjas. The .Russet or Amazon Slave-making Ant of 


Europe (not Britisli). 

Oecophylla. Native of Asia (not British). 

Myrmccocysins. The Honey Ant of America. 

Sub-family 2. Myrmicides. Two nodes are present, and a 
well-developed sting; pujxae always naked. 

^ Myrmica, M. rubra is the only sj^ecies common 
in Britain. 

\Atta {—Oecodoma)^ the .Leaf- cutting Ant and 
Harvesting Ant (not British). 


Genera. - 


.Practical Notes on Ants. 

1. The Yellow Meadow Ant (Lasius Jlavus) is perhaps the best 
kind to keep for jR’eliminary observations on Ant life. 



Fig. 342. — An Observation Nest lor Ants, uncovered and seen from above. 

A, “ Nursery ” chamber ; C, X)laygrouncl room ; D, opening of food trough ; 

E, sloping passage leading from A to C. 

This ant is common in light soil, and it is not difficult, with a 
trowel, to dig away the nest until the inner chambers are disclosed. 
The queen may be hidden at a depth of 2 or 3 feet from the 
surface. She should be very carefully searched for, and, when 
found, transferred with a number of woi'kers, pupae, larvae, and 
eggs to a box partly filled with the fine earth of which the nest 
was made. Later on the ants can be gain moved, this time 
into the special nest which they are to inhabit for some months. 
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This observation nest or “ formicarium ” should be constructed ^ 
so that there is one chamber (the “nursery” chamber, Fig. 342, A) 
which is formed of two horizontal sheets of glass, separated only by 
a space about ^ inch deep which is filled with finely sifted, damp earth 
from the original nest; in this narrow layer of soil the ants can 
burrow without ever being able to hide themselves. Communicating 
with this chamber is a larger one with a wooden bottom and a glass 
roof, the space between the two being as much as an inch. In this 
“playground room” (Fig. 342, G) little banks of earth can be 
made, and small tufts of grass or other plants introduced. In it 
is also a small trough for honey or other food. 

Such an extra deep room is desirable, not only because it 
affords the ants scope for freer, more natural activities than the 
confined space of the “ nursery-room,” but also on account of the 
ease with which a new colony of ants dug up from the garden or 
field can be introduced into it. 



Fig. 343. — Section across the Nest shown in Fig. 342. 
Lettering as before. 


In preparing the nest for the new colony, care must be taken 
that the narrow passage between the two chambers is not blocked ; 
also it is desirable to make a path in the soil, leading from the 
entrance into the centre of the “ nursery.” This chamber is then 
darkened by a cover being jdaced over its glass roof, and it is thus 
rendered attractive to the ants who, as a rule, shun the light. The 
colony of ants which has been obtained is now introduced into 
the undarkened “playground” chamber, the queen being gently 
lifted with a camel’s-hair brush. Very soon some of the ants will 
discover the entry to the darkened part of the nest, and will enter 
it and explore. They will then return and apparently communicate 
their find to some of the other ants, for more will now accompany 
them to explore again. Finally they will approach the queen and 
stroke antennae with her, after which, in some cases, she will 
go willingly with them to the new home. In other cases the 
workers seem to use force; one or two will seize her mandibles 
with their own and pull her along, whilst others apparently 
push her from behind. When once the queen is safely in, 

^ See Appendix E for a simpler type of Formicarium designed by Mr. 
Hugh Main. 
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some workers stay with her, but the others in great haste 
return and begin to collect eggs, larvae, and pupae, and bring 
them also into the dark. In an hour or so the light room will 
be deserted, and the ants will all be very busy caring for the 
transported young, cleaning and feeding them, and excavating in 
the earth sjDecial chambers for them. How the empty room may 
he arranged attractively, and food introduced, either a drop of 
honey, or a dead fly, or a piece of banana skin, and then a dark 
cover should be left jDartly covering this part of the nest also, so 
that the ants may be tempted to come back to feed. 

The further care of the nest will consist in keeping the store 
of food replenished, and also in taking care that the earth does not 
get dry. Every week it will probably be found necessary to let a 
little water run in through a door left for this purpose in the 
nursery chamber. If a more thorough sx^rinkling of water, or 
re-arranging of the earth, is necessary, the ants can all be induced 
to go into the playground, carrying the young with them, merely by 
exposing the nursery chamber to bright light, whilst the playground 
is kept dark. 

Various experiments may be tried in such a nest, e.g. strips of 
different-coloured glass may replace the uniformly dark cover in 
general use, and so the xu’eference of the ants for certain colours 
ascertained. Root AiSiides^ or the special beetle pets favoured by 
the Yellow Meadow Ant, may be introduced, and their treatment 
by the ants watched ; and other experiments, such as those described 
by Lord Avebury in Ants^ Bees, and JVasjos, may be repeated. 

2. The Common Wood Ant {Formica rufa) should also be 
kept for a short time in a special observation nest, but this nest 
must be of quite a different type. A box, a foot square, with 
wooden bottom, glass sides, and a freely perforated yarq, top, answers 
well. A mound should be made of the pine needles, and some 
thirty ants, with the queen and young if possible, introduced ; 
but even the workers alone are worth keeping for a time, for they 
are so large that their methods of burrowing, of feeding, and, above 
all, of cleaning themselves, can be clearly seen, and are most 
interesting. They should be drawn in as many different positions 
as jDOSsible. 

3. From a dead ant, slides should be made of each leg and of 
the head, and from these the points of structure mentioned in the 
text should be verified under a microscope, and illustrative sketches 
made. 
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IXSECTA [contiimed) 

Order: Hymenoptera {<:ontimied) 

Sub-order : Parasitica. 

Family : TexthredixiDx\e (Saw-flies) 

These Hymenoptera are very numerous, and their recogni- 
tion is economically important, for they are often the cause 
of serious damage to cultivated plants and trees. Saw-flies 
differ from all other Hymenoptera in having no constricted 
petiole'^ between “thorax” and “abdomen”^; also the 
females possess at the end of the abdomen a pair of saw- 
like structimes, hidden when not in use, but capable of being 
protruded to make an incision in the plant in which the 
eggs are inserted. 

The larvae feed on plant tissues, and in appear- 
frequently much resemble Lepidopterous 
caterpillars, and are often mistaken for such. 
Usually, however, they can be readiX distinguished by the 
fact that, as well as the jointed thoracic appendages, they 
have six to eight pairs of “ pro-legs ” on the abdomen (Fig. 
344), w^hilst true caterpillars have only five pairs at most 
(Fig. 164). One pair of these pro-legs in saw-flies is connected 
with the fifth body-segment, a segment which is always destitute 
of appendages in Lepidoptera ’ also the pro-legs are lacking 
in hooks such as are found at the free tip of the correspond- 
ing legs in caterpillars. On the head is one y>air only of 
ocelli, instead of several pairs as in caterpillars. 

. Fig. 344 represents some stages in the life- 
Saw-fly bistory of a Saw-fly that feeds on the leaves of the 
p)ine. The greenish-yellow, black-speckled larva, a, 
^ See p. 401 for real distinctiou between thorax and abdomen. 
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is shown in one of the curiously contorted 
acierislic of it. When full grown, the larva 
oval, l>rown cocoon, inside o{ 
which it remains dormant, for 
a couple of weeks only, if it 
belongs to the tirst brooil in 
the year, but for the whole 
winter, if it is of the second 
brood. It changes to a. [)nj)a 
Old}' a short time before the 
11 y emerges. 

The winter- cocoons arc 
usually formed in the ground, 
and arc larger than the spring 
ones. The perfect winged 
insect is not often noticed, as 
it is quiet and inconspicuous, 
and the body is only about 
I of an inch long. 


att itiuha 
q)ins a 


char- 
lit tic. 


Fig. 345 



i‘’iG. 344. — Tiro Pine Sivvv-l!y 
( Loj)hyras 2>ini). 

a, Larva; b, cocoons, the lower one ojxin 
and empty. (Natural siz(!.) 


represents a male Pine Saw- 
i\y with his characteristic 
dark-coloured body and beau- 
tiful, feathered antennae. The 
female is more than one-third 
as large again as the male, and her body is yellow, with 
dark markings ; she differs also from the male in her small, 
jointed, downy antennae. The eggs 
are laid early in the year in slits on 
the Scots pine leaves, six or seven to- 
gether, and the larvae from this first 
brood form their cocoons in Jvdy. 
The adults apj^car early in May and 
again in August. 

Ilylotoma romc is the 
saw-fly -which docs somucli 
damage to rose-trees, fen* 
its small gi^een larvae (always mis- 
taken for Lepidopteran caterpillars by the uninitiated) destroy 
the leaf very rapidly. They can be easily distinguished from 
true caterpillars by their legs, and also by the characteristic 
way in which they curl up when touched. The action of the 



Fig. 34.5. — Tlie Pine Saw-fly 
{7^oj]Jiyriis pini)^ imago, 
male. 

Natural size .shown by the side. 


The Eose 
Saw-fly. 
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saws as the female lays her eggs is especially easily seen in 
this species. 

Other forms equally injurious are the Currant 
Saw-fly [Nematus rihesii) and the Gooseberry Saw- 
fly {N. ventricosus), forms which at times literally 
strip the bushes of their leaves. The Turnip Saw-fly [Athalia 

sjnnarum) has small black larvae 
which do great damage to the 
leaves of turnip crops. 

Trichiosoma hekdeii (Fig. 346) 
is a vSaw-fly the larva of which 
feeds on the hawthorn in July and 
August ; it is green with minute 
white spots, and on pupation it 
makes for itself a silky, brown 
case (Fig. 346, A), which is opened 
at one end when the perfect insect 
emerges. The fl}^ is covered with 
reddish-brown hairs, and the tibia 
of each leg is of a characteristic- 
ally dusky colour. 

The larvae of some saw-flies 
Gall formin within the tissues of the leaf where the 

Saw^-Se^^ cause the formation of galls 

in the leaf, as in the case of the reddish bean 
galls ” on willow leaves (Plate lY.), caused by Nematus 
gcdlicolci. The larvae when full grown, usually in early 
November, leave the galls and make their way into the soil, 
where they become pupae. 

The Saw-fly Pea Gall (Plate lY.) is formed by Nematus 
salicis-cinereae on the under side of the leaves of various 
. smooth-leaved willows. 



Fig. 346.— The Hawthorn SaAv-fly 
{Trichiosoma betulcti). 


Family : Siricidae 

The Wood Wasp or Horn-tail [Sireo^ 

The AYood Y^as^) is a consj^icuous insect which may be 
1^- inches long, and is coloured with black and gold bars. It 
belongs to a family closely allied to the true saw-flies, and having 
the same sessile abdomen, but it is peculiar in j^ossessing a 
^ See account in Prof. Miall’s Injurious and Useful Insects for further details. 
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cylindrical boring apjDaratus Avhich always projects from the 
end of the bod3^ The larva lives and pupates in the wood of 
fir trees, doing much damage. It is rarely found in Britain, 
though common in some other parts of North Europe. 

Family : Gynipidae 
(Gall Flies or 
Gall Wasps) 

The Gall Flies 
are small, dark- 
bodied forms 
with long, simple, 
straight antennae, 
and Avith Amry feAA^ 

‘‘nervures^' and no 
dark patch on the 
AAungs. There is a 
narroAv “ petiole be- 
tAveen the fore and 
hind body. 

The insects themselves are not usually knoAAm to the 
casual observer, Avho Avill, hoAvever, probably recognise the 
galls Avhich many of them cause on the oak and other 
trees, for such galls are some of the most common objects of 
the country-side (see Plates lY., V., and YI.). Inside these 
galls the insects spend the first stages of their lives. 

The galls are formed by the female Gall 

Formation tissues of a 

liAung plant, piercing a hole for the reception of 
each, by means of the long oAupositor she possesses at the end 
of her bodjL The legless grub Avhich hatches out begins at 
once to feed on the soft tissue around it, and the irritation of 
the cells Avhich is thus caused results in their abnormal, rapid 
multiplication. The larva and the gall develop together, 
the former feeding on the inner tissues of the latter. 

Internal The tissues of the gall around the holloAv 
Structure cavity in Avhich the grub lies frequently shoAv 
of a Gall. ^ considerable amount of differentiation, as in 
the Spangle Gall. Y^hen cut across (Fig. 348), this shoAvs a 



Fig. 347. — The Wood Wasp {Sirex gigas). 
(Nat. size.) 




47G 


INTRODUCTION TO ZOOLOGY cmap. xxx 


laj^er of nutritive tissue lining tlie cavity in which the larva 
lies, and round this a layer of hard, protective cells 
{sclerenchyma)^ the rest of the gall being of softer, thin-walled 
cells. 

Comparatively few galls are without the hard, inner 
shell, which doulDtless serves to protect the larva within fi’om 
the attacks of parasites, and from small birds that might 
tiy to peck opeii the gall to get at the grab. The 
tannin in some, such as the Marble Gall, renders them still 
more distasteful to. birds. Within the gall the larva grows 
to its full size and pupates. The perfect insect finally bites 
its way out and flies off. In Plate lY. a Gall AYasp is shown 



Fig, 348. — Transverse Section tliroiigli an Oak leaf bearing a Spangle Gall. 

up.s, Upper surface of leaf; c, cavity in wliich tke gall grub lives; n, nutritive tissue ; 
s, hard, protective cells (sclerencliyma) ; 2 h starch-containing cells ; h, one of tlie. 
hairs on the surface of the gall. 

just about to emerge from the Marble Gall — she is just looking 
out of the hole she has made. Another is drawn below, 
enlarged, showing the characteristic, rather clumsy, fat body 
of the Marble Gall AYasp {Gyni])s kollari). 

Cause of ^Yhen the egg is laid, a liquid is exuded with 
G-all- it into the tissues, and it used to be thought 

formation- irritant that caused the growth 

of the gall. Since, however, galhformation rarely, if ever, 
begins until the larva is hatched, and ceases if the larva is 
killed, it seems probable that the explanation of the exciting 
cause is to be found in the activity of the larva as ex- 
plained above, rather than in the liquid inserted with the 
egg. 

There are many different kinds of Gall Y^asps, and each 
produces a characteristic gall. It is strange that, of all 
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plants, the oak is the most afFected by them, over forty 
kinds of galls being found on it. 

The Marble or Kollari Gall (formed by Cynips 
is perhaps the commonest and best 
known of all ; it appears to be specially plentiful 
on young “ oak scrub ” (Plate IV.). The Gall Wasps may be 
seen emerging from these in September or October, though 
occasionally they remain within the galls until the following 
May. After emergence they live for some weeks, and each 
fly lays about 800 eggs; so, even allowing for the many 
accidents which may befall them, it is no wonder that the 
galls are plentiful. By the following June the new galls 
are developing i^apidly, one or two together, at the 
end of a branch or in the axil of a leaf. The gall is at 
first soft, and yellow or green in colour, but as it matures 
it darkens and hardens, until by September it is dark brown 
and woody, and by then the majority of the insects are ready 
to emerge. It is a strange fact that on examination all these 
insects arc found to be females ; no trace of a male has yet 
been discovered, the generation being, apparently, entirely 
parthenogenetic. This gall is said to be specially common 
in the West of England, where, about fifty years ago, it was 
widely used in the manufacture of a dye for cloth, and it 
can also be (used in the manufacture of ink.. The galls 
contain tannin, which,, when exposed to the air, produces, by 
a process of fermentation, gallic acid, a colourless liquid, and 
this, when extracted and mixed with a solution of iron sul- 
phate, forms an intense black fluid. The gall, however, which 
is actually used now in ink-making, is not this British gall, but 
the Aleppo gall of Turkey and Asia Minor, and also certain 
Chinese galls. 

The darkening of the liquid in the gall by the action of 
iron on it can be illustrated by cutting a soft gall with a 
steel knife, when a dark stain results. 

The Bedeguar Gall, or ‘^PtobiAs Cushion’^ 
guar^all' J^hodites rosae) is another common gall, 

found, in this case, on wild or garden rose-trees 
(see Plate lY.). It is caused by its special Gall Wasp laying 
several eggs in a leaf-bud, with the result that, instead of 
forming a normal shoot vdth leaves, the bud forms a swelling 
which finally becomes hard, and from which project many 






480 INTRODUCTION TO ZOOLOGY chap, xxx 

moss-like filaments, beautifully tinted green and red. When 
cut across, the woody centre is found to have several cavities 
or cells, in each of which a larva lies. It is in August and 
September that these galls are most beautiful; later they 
become dry and brown, though they still contain the larvae, 
which Avinter AAuthin the galls and pupate in the spring. 
Both male and female flies are knoAvn to emerge, though the 
former are rare, and it seems probable that j^arthenogenesis 
is of general occurrence here also. 

Both the Gall Wasps described above ha^m a simple life- 
history with only a single generation in the year, the most 
striking feature being the apparently continual partheno- 
genetic reproduction in the Marble Gall on the oak. Most 
of the Gall Was23s of the oak, hoAvei^er, go through a curious 
alternation of two generations in their annual life-cycle — an 
alternation of a j)ai’thenogcnetic generation Avith a normal 
sexual one — each of the two generations producing a character- 
istic gall on some part of the tree Avhich is unlike the gall 
produced by the other generation. These tAvo generations 
Avhen first described Avere thought to have no connection Avith 
each othei’, and so each Avas given a separate generic and 
specific name. These names are still largely used, though 
they are noAv knoAAm to refer to different stages, merely, in 
the life-cycle of one individual ; the dual names are still 
retained in this book, though perhaps the time has come to 
simplify the nomenclature. 

Oak G-alls Wasp which forms the common 

with Spangle Gall may be studied as an example 
Alternating ^ ^yith tAvo alternating generations (Plate 
Generations, spangle galP’ (formed by Neuroiems 

lenticularis) is extremely common on the under side of oak 
leaves in late summer, forming little disc-like j)lates Avhich 
are thicker in the centre than round the margin, reddish in 
colour, and AAdth broAvn, stellate hairs over the surface. In 
the autumn these galls fall Avith the leaves to the ground, 
se 2 )arating from them as the leaA^es decay. The Gall 
Was]DS emerge in the spring, and here, as in the Marble Gall, 
all the emerging insects are females Avhich can lay 2)artheno- 
genetic eggs. They fly off and 2 )ierce the young leaf and 
flower buds Avhich are just about to start groAvth. The result 
is, not the formation of spangle galls again, but of the Avidely 




Plate V. 

Ai, The Spangle Gall, or Gall formed by i\^eu7-ofenw lenticidaHs, the partlienogenetic 
generation of the fly 'which, in its alternate, sexual generation, produces the Currant 
Gall, ^lo ; ^ 1 , the Root Gall formed by Biorhiza ajJtera, the partlienogenetic generation 
of the fly which, in the alternate, sexual generation, produces the Oak Apple Gall, ii.j ; 
C'l, the Artichoke Gall produced by Aphilotrix fecundatrix^ the partlienogenetic genera- 
tion of the fly 'Which, in its alternate, sexual generation, produces the Hairy Catkin 
Gall, Co. [The sign ? indicates female, cJ indicates male.] 
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different “currant galls’^ (Plate Y,, which appear either 
on the young leaves or on the staminate catkins. The insect 
within these galls is distinguished as Spatlieg aster haccarum. 
From the currant galls, in June, emerge both male and 
female gall insects; the latter lay fertilised eggs in tender 
young oak-leaves, causing once more the production of 
spangle galls, and so the cycle is completed. 

Similar alternation of two generations — one sexual and 
one parthenogenetic — and of the alternation of two corre- 
sponding different forms of galls, are laiown in a great many 
other cases. Some of these are given in the following Table, 
and are illustrated in Plates Y. and YI. Those mentioned 
are only a few of the many that are known ; they are chosen 
for descrijDtion here either because they are well-marked, easily 
recognisable forms, or because they are very frequently found 
in the South of England. 


OAK GALLS WITH ALTERNATING GENERATIONS! 


Galls occurring in Late Summer 

OR Autumn. 

Galls occurring in Si'Ring or 
Early Summkr, 

Neuroterus ( 9 only). 

1. The Common Spangle (A. Unt icxdaris). 
Flat hairy discs below the leaves, 
tliickcst in the centre, mature in Sep- 
tember. Plate V., Aj. 

Spathegaster ( 9 find 6 ). 

1. The Currant Gall (S. haccanim). 

On the leaf or on male catkins in 
early spring. 

Plate V., Ao. 

2. The Smooth Spangle (A. laevUiscxilus). 
Discs pale green, smooth or with 
hairs only round the central knob, 
margin incurved. Plate VI., jq. 

2. Schenck’s Gall (.S', alhipes). 

A small egg-shaped outgrowth on 
the contorted leaf margin ; in May. 

Plate VI., Fo. 

3. The Silk-button Spangle (A. numis- 
matis). 

Brown, silky, button-like discs with 
a central depression, mature in Sep- 
tember. 

Plate VI., Gi. 

3. The Blister Gall (S', vesicatrix). 

Inconspicuous green discs, partly 
embedded in the lower surface of the 
loaf; w’ith lines radiating from the 
central knob to the margin, 

Plate VI., Go. 

4. The Cupped Spangle (iV. fuviipcnnvi). 

Pale or reddish discs with no central 
knob, but with margin often slightly 
curved up ; on the surface arc delicate 
brown hairs. 

4. The Hairy Pea Gall (S, hicolor). 

Very like the Currant Gall, but 
lighter coloured and covered at first 
with short white hairs, found below 
the leaf in June. 

5. The Oyster Gall2(iY, ostreus). 

Occurs on the mid-rib below a leaf, 
small and oval, at first enclosed 
between two brownish scales ; pale 
yellow, often spotted with red ; small. 

5. April Pea Gall (S. aprilimis). 

Yellow green swellings within the 
bud scales, very thin walled, may 
contain more than one larva. 


^ The nomenclature is based on that given in Dr. Adler’s Alicrnatinxj 
Generations : A Study of Oal: Galls and Gall Flies, translated into English 
and edited b}" C. R. Straton (Clarendon Press, 1894). For explanation of 
signs see p. 481. 

“ This form should perhaps be removed from the genus (see 

Adler). 
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OAK GALLS (continued.) 


GaI.LS OCCUIIRINO IN' LaTK SUMMER j GaLLS OCCURRIN'C IN Si’RIN'n OR 

OR Autumn. j Early Summick. 

Aphilotrix ( 9 only). 

1, The Truffle Gall (A. ra(/ici,s). 

Attached to the root, at lirst 
potato-like in form and texture ; later 
dark in colour with lighter fissures, 
and hard. 

Each gall has many larval chambers. 

Andricus ( 9 find 6 )• 

1. The Knot GaU (A. noduli). 

Little SM'ellings in the shoot or leaf 
stalk; to be found in June. 

2. The Artichoke or Hop Gall (A.fccim- 
datrix). 

Large scaly growths, at first green, 
then brown. Plate V., Cy 

2. Hairy Catkin Gall (A. pilosns). 

Oval groM’ths on the anthers of the 
male flowers. 

Plate V., a. 

3. The Autumn Gall (A. autumnalis). 

Oval, brown sappy growth inside a 
bud, depressed at the apex ; falls from 
the bud in October and remains on 
the ground for eighteen months, the 
fly emerging in April. 

3. The Woolly or Cotton Gall (A. raviuli). 
Amass, like cotton- wool, on the leaf 
or flower bud, each mass containing 
several galls. 

Dryophanta ( 9 only). 

1 1. The Cherry Gall (D. .‘^cntellaris). 

Globular galls below the leaf, yellow 
and red. 

Plate VI., Di. 

Spathegaster ( 9 and d ). 

1. Purple Velvet Bud Gall (.S', tasclicn- 
hergi). 

Oval outgrowth on a bud, often on 
an abnormal bud on the tree-trunk ; 
purple, covered with whitish velvet 
pile. Plate VI., Do. 

2. The Scarlet Pea Gall (Z). divisa). 
Occurs on the veins below the leaf, 

! round,’ flattened, and smooth, at first 

! M'hitish or red, then brown and hard, 

i Plate IV. 

2. The Red Wart Gall (.S. verrucoms). 

An oval outgrowth, greenish-yellow 
or reddish, glistening because of the 
fluid in cells below the rind ; it occurs 
on leaves, shoots, or buds. 

1 Biorhiza ( 9 only). 

j 1. The Root Gall (B. aptcra). 
j Usually occur several together on 

i the roots, soft and pink at first, brown 

and hard later. 

Plate V., Bi. 

9 and S . 

1. The Oak Apple Gall (Teras icrminaUs). 
Large, soft throughout at first, 
fawn colour tinged with rosy pink ; 
usually occur on a terminal bud. 

Plate V., Bo. 

j 2. The Kidney Gall (P. renum). 

1 Occurs in clusters on the veins 

beneath a leaf, soft and yellow-green. 

Plate VI., El. 

2. The Pink Wax Gall (Trigonaspis 
crvsfalis). 

Round, soft, red or white galls, 
occurring usually low doMm on the 
trunk on hidden buds or sometimes 
on young Wigs. Plate VH., Eo. 


Some of the Gynipidae do not form galls them- 
selves, but lay their eggs in a developing gall 
formed by a true Gall Wasp. We often find, 
therefore, the central cavity in the gall inhabited by the gall- 
maker, and around this, in the wall, several small cavities, 
occupied by the guest-wasps ” or Inquilines. This is the 
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explanation of the varied larvae sometimes found within 
the same gall. 



Family : Ichneumonidae (Ichneumon-flies) 

Allied to the Gall Wasps are the hosts of 
P^i’^sitic Ichneumon- 
flies, most of which 
lay their eggs in Lepidopteran 
eggs or in or on the body of 
a caterpillar. The soft, legless 
larvae live within the host, 
either until the moment for pupa- 
tion has arrived, or until the 
perfect insects are about to break 
free from the pupae, AA^hen the 
parasites may emerge and pupate 

outside the body of their Auctim. One such Ichneumon is 

Faniscus testaceus (Fig. 349), the 
larA^ae of Avhich are parasitic in 
the caterpillars of Haclena 
one of the OAvlet Moths. 

The Ichneumon - flies differ 
from all other Hymenoptera in 


Fig. 349 . — Paniscus testaceus. 
A common Iclineumon-fly. (x 5 .) 



haAdng antennae Avhich are 


long 


and tapering but are not 
elboAved as they are in ants. 
Fig. 350.— Diagram of the wing of hees, and Avasps. The hind body 

is usually narrow at the Avaist 
and A^ery mobile, and in the 
female it hears a long, very effectiA^e ovipositor. 


an Ichneumouid and of a 
Braconid {B). 


Family : Braconid ae (False Ichneumon-plies) 

False False Ichneumon-flies (Bmconidae) are very 

Ichneumon- similar to the Iclineumonidae, hut differ in the 
flies. nervures of the Aving (see Fig. 350), and in the 
much slighter mobility of the abdomen. The laiwae of these 
forms also live jiarasitically on Lepidopteran larvae ; a very 
common species is the Apantcles (Microgaster) glomerakis. 
This attacks especiall}^ the caterpillars of the Cabbage White 
Butterfly (see ^Dp. 248-9), hut it also infests other Lepidoptera. 
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Classification of the Ilymenojytera mentioned in Chapter XXX. 


Sub-order : 
Family : 


Famil}^ : 
Family : 

Family : 

Family : 


Hy^H KNOPTEI l a parasitica. 

Tentliredinidae (the Saw-flies). 

Genera. Lophyrus pini (the Pine Saw-fly). 

Hylotorna rosae (the Pose Saw-fly). 

Nematiis ribesii (the Currant Saw-fly). 
Nematiis ventricosus (the Gooseberry Saw-fly). 
Nematns gaUicola (the “ Bean Gall ” Saw-fly). 
Nematus salicis-cinereae (the “ Pea-gall ” Saw- 

fly)- 

Trichiosoma hetuleti (the Hawthorn Saw-fly). 
Athalia spinaruni (the Turnip Saw-fly). 
Siricidae. Sircx gigas (the Wood Wasp). 

Cyni})idae. Tlie Gall Wasps or Gall Flies and Inqui- 
lines (for Genera see pp. 483-4). 
Ichneumonidae (the true Ichneumon-flies). 

Genus. Panisciis. 

Braconidae (the false Ichneumon-flies). 

Genus. Aioanieles ( = Microgaster), 


Practical Work on Saw-flies and Gall Wasps 

1. The larvae of one of the larger saw’-flies, the Pine Saw-fly or 
the Turnip Saw-fly, should be searched for, and, when found, kept 
in a glass-covered breeding-bo.x with plenty of its food plant. Its 
metamorjfliosis can then be "watched. Careful sketches should be 
made of the difierent stages in its life-history. 

Other saw-flies which are found may be identified by reference 
to P. Cameron’s Monognqdi on British Phytophagns ^ HymenopitGra. 

2. A few Marble Galls {Gxjnips hollari) should be collected in 
the autumn and kept in a covered glass vivarium until the Gall 
Wasps emerge, when they should be carefully studied and sketched.^ 
They should then be placed on an oak twig surrounded by 
a muslin bag, or better still on an oak sapling grown in a pot, 
which can be enclosed in a light wooden frame covered with 
muslin over the sides and with glass at the top. The insect may 
then be seen piercing the base of a bud and laying its eggs there ; 
the gall will first become apparent in the following May. 

3. Other Oak Galls with a more comp>licated life-history should 
also be collected, and the alternation of generations in them 

^ plant-eating. 

“ Some will emerge in October or November, but others will remain in the 
gull until the spring. 
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carefully followed. For tlieir im^estigation. it is well to have a 
number of little oak trees, about six years old, in pots, with 
movable covering- frames as described above, and those gall insects 
should be first chosen for study which will lay their eggs on the 
leaf-buds or bark of such young trees. The Spangle Gall would be 
a good type to begin with. The galls should be collected in the 
autumn after the leaves have fallen from the trees and the galls 
are becoming detached from the leaves. They should be laid 
on a pot half full of damp sand or earth, covered with moss, and 
the pot then sunk in the earth out of doors, and covered with 
the muslin-covered frame ; under these conditions the larvae will 
winter within the gall, the flies emerging probably in April. As 
soon as they appear, the flies should be transferred to the young 
oak saplings, and watched closely, for they will almost immediately 
begin to lay their eggs in the oak buds, piercing a hole with the 
long ovipositor characteristic of Gall WasjDs. The buds pricked 
should be marked, and a watch kept on them a;) they unfold. It 
will be found that in a large number there is no result, the egg 
having apparently perished ; but in a few there will appear on the 
leaf a new gall, the Currant Gall, which is the second generation 
of the Spangle Gall. . If these Currant Galls are collected in June 
and carefully kept fresh on damj) sand, the male and female flies 
of this second generation will be obtained, and the females may be 
watched later on, crawling over the young plant and laying their 
eggs in the under surface of a leaf, as a result of which new Spangle 
Galls will begin to appear in three or four weeks’ time.^ 

4. Any other plant Galls found may be identified by reference 
to British Plant Galls, by E. Swanton ; the life-histories of the 
insects causing them should be worked out as far as possible. 

^ For these suggestions as to the rearing of Gall Wasps I am indebted to 
Dr. Adler’s most interesting book on Oak Galls and Gall Flies, in -svliich details 
as to the life-histories of all the common oak galls are given. 




APPENDIX A 

ON HOW TO AERATE AN AQUARIUAE 

(From A JIandhooJc to Marine Aquaria at the Ilorniman Museum, 
by kind permission ol‘ the L. C. C. ) 

A SUPPLY of oxygen for breathing purj)Oses is as necessary for 
aquatic animals as for ourselves. Aquatic animals make use of 
the oxygen which is held in solution in the water, and it is 
essential to keep them well provided with it if they are to remain 
healthy. The seaweeds provide a certain amount of this oxygen, 
but in an aquarium some additional means of 23Popeiiy oxygenating 
the water is usually necessary. In default of anything better a 
glass syringe (metal should not be used) may be used to discharge 
water from a height into the tank in order to fill it with air 
bubbles, and this may be done two or three times during the day ; 
or the water may be occasionally briskly stirred uj) with a glass 
rod in order to bring about a circulation in the tank, care being 
taken that the sand is not disturbed. A much more satisfactory 
and yet simjile 2 )isce of a 2 )j)aratus for jii'oviding a continuous 
circulation and aeration of the water may be made quite ch easily, 
as in the accom^ianying illustration. 

“A” is a piece of half -inch glass tubing of about four inches in 
length, with an air-hole ground through at E. Two jheces of 
glass tubing, each drawn out to a point in a gas flame, are fitted 
into corks, one at each end of the half-inch glass tube, and are 
arranged so that their ]Doints are about half an inch apart. A 
j)iece of rubber tubing connects the lower of these two tubes to 
another glass tube which runs to the centre of the bottom of the 
tank D. The upjper of the two pointed glass tubes is also con- 
nected by a rubber tube with a bent glass tube, the sijdion, which 
is passed into a jar B standing upon a shelf some three or four 
feet above the tank. C is a regulator, made of two jiieces of wood 
joined at opp)Osite ends by screws which can be tightened or 
loosened at will in order to regulate the amount of water passing 
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throiigli tlie '.rubber tube. The jar B is filled ^vibh Avater from j 
the tank and the whole apparatus placed in the position shown on ) 
the illustration. The lower piece of indiarubber tubing is pinched ( 
with the fingers and air is then sucked through the air-hole to ' 
start the crater running through the siphon, the regulator being 
adjusted so that the water runs only at a fast drip. As eacli drop 
falls it should cause a bubble of air to be caiaied down the lower 
tube into the tank. By careful adjustment the aj^paratus may be 
made to act so that the jar only requires filling twice a day. A 
gallon jar should be used for, say, a ten-gallon tank. 

Some animals, such as the common anemone, may be kej^t 
without continuous aeration, and others with an occasional syring- 
ing, but all the animals will be better and healthier for good 
aeration. 


ANOTHER METHOD OF AERATION 

Readers are also referred to the excellent method of aeration 
described by Dr. T, A. Stephenson and Mr. W. E. Evans in 
“Discovery” for February 1926. In their apparatus a water- taj) 
that can be ke^^t very slowly running and a water outlet are 
needed, but, given these, the apparatus is not diliicult to set up. 


APPENDIX B 

ARTIFICIAL SEA WATER i 


Ip real sea water cannot be obtained, artificial water may be made 
as follows and will act as an excellent substitute. 

Ingredients 

‘46^ oz. salt (ordinary kitchen block salt). 

3| oz. sulphate of magnesium. 

5| oz. chloride of magnesium. 

2 oz. sulphate of potassium. 

ISJ gallons pure fresh water (but tap water will do). 

Dissolve each ingredient separately in a portion of the water, 
then mix all these solutions and stir thoroughly. After a few days, 
add some living, seaweed, and let the mixture stand for a few weeks 
in a good light. Add a small sea creature (e.g. a prawn), to observe 
whether the artificial sea water is ‘‘ good ” before introducing the 
other creatures. 

^ These directions were kindly given to me by the Zoologist of the 
Hornirnan Museum, Forest Hill, S.E, 
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APPENDIX C 

HOW TO MAKE WOODEN FORCEPS i 


.'A 


Vi 

y/\ 


\l 


Use. 


For jDicking up jDarfcicles of meat 
or any debris from the water of a 
deep tank, or for holding a scrap of meat when 
feeding its inmates. 

Two strips of x “ strip 


/A 


Materials 


needed. 


Method. 


wood, ” 


length 


Fig. 352. 


as required for 
aquarium (12" is a useful size). 
One block of wood x x f", 1 screw and 2 
nails about h" long. 

1. Shave one end of each strip to 
a convenient shape (see Fig. 352) ; 
leave the inner surface of each strip flat, 
shaving off the outer surface, otherwise the 
j)oints of the two will not meet. Kub the 
shaped ends with glass paper so that they are 
quite smooth. 

2. Shape the small block so that its upper 
end measures only across, the lower end 
being -|" across. This produces a slight wedge- 
shaped joint that gives play, to the forceps. 

3. Fasten the wedge between the two strii^s 
by a screw from the middle of one side and by 
two small nails from the other, in order to keep 
the parts from twisting on the screw. 

^ I am indebted to Aliss liikla Reiidle for this 
description and figure. 
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Materials needed 


X T 
3 ." 


A. Base — 9" x 5" x 

FrTretork s^PPorts— 

0. Two sides— 14^" x x f 

D. One separating basal piece — 8'^ x x 

D'. Two A’^erbical sejmrating jneces — 11^"' x 

E. Two basal supports for glasses — 8" x x 

F. Four vertical side supports for glasses — 12" 

G. One cover — 8^" x x 
Two pieces of glass (G, G' in Fig. 353) 12"x9‘'. 

The glass should be thick — technically called 2 1 oz. glass. 

About 40 small screws, 2 small screw-eyes, a piece 
of stout wire about 1 ft. long, 2 small staples, a 


xi" 




G-lass. 


Other 

Materials. 


little and a few nails. 


Procedure 

1. Nail the two base supports below and across the narrow 
ends of the base. 

2. Screw the sides to the centre of the outer ends of the base 
so that they stand vertically. 

3. Screw the single basal and two vertical separating pieces 
across the centre of base and up the sides respectively. 

4. Put the glass of one side against these separating pieces and 
screw on the basal and vertical side supports for the glass, leaving 
just enough room for the glass to slide up and down easily in the 
grooves — it can then be readily removed for cleaning when setting 
up the cage again after use. Eepeat with the glass and support- 
ing pieces of the other side. 

5. Trim and adjust the cover so that it just fits into the space 
between the glasses at the top and fix down with screw-eyes in- 
serted into the ends of the separating pieces. A half turn of the 
screw-eye should hold the cover firmly in .place, a very necessary 
j)recaution, since many beetles are both strong and active. 

6. Kemoving the cover, press down between the glasses layer 
after layer of clean-sieved soil (‘Hop-spit’’) to within about 3 
inches of the top. Damp the soil, and keep it always dani 2 ), but 
not wet. 

7. Fix the wire across the top and down the sides, holding it 
securely with the staples. It will then act as a convenient handle 
and also hold the sides together. (A leather strap and buckle 
fixed across are better still, for they can be undone and put and 
left at the sides when filling with earth.) 
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8. Introduce the creatures whose life history it is desired to 
study. Protect from the sun if necessary. Fig. 354 is a photograj^h 
of a completed case in use. 



Fig. 354. — S\ibteiTa,riiun with larvae and pupae of Geobnrpes typlmis^ 
a Dor-beetle, in it, (Photo by Mr. Hugh IMain.) 
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APPENDIX E 

HOW TO MAKE A FORMICARIUMi FOR ANTS 



Fig. 355 . — Ground Plan of “Mould for making a Formicarium. 

(The “ barred ” strips inside AI, AT, N, N' are loose strips of glass. For letters 
see description in text. 5, s, are screws. ) 


Materials needed. 

Wood for ^ ^ ^ ^ ^ 355) 

Mould 2 strips 6" X 1|" X §" (M' and N'). 

2 stri2Js 5~' x x -|" (L and L). 

1 shaped blocks upper surface 4-|" x 3^'. 

lower j, X d". 

thickness of block 1-^'. 

1 shajDed blocks upper surface 3'' x -V'. 

lower „ 4'' X 1^". 

thickness of block l -j-''. 

^ This case may be used also as a home for Alillipedes, Wood-lice, etc. 
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Wood for ^ ^ ®'' ^ t"- 

Outer Frame. ^ '^H" x X'l" (1*’' F')- 

2 each S^" x -j" x (F" F'"). 

4 wedges to fit in at W. 


Glass. 


Other 

Materials. 


1 inecG to fit over base F between F' and F". 

4 siHps to line upright sides N, jST', M, M' when fitted 
together as directed below. 

1 piece of thick glass 5-g-" x 4'' to form a cover. 

1 tin baking tray about 12'' x 8" x 2". 

2 or 3 lbs. of plaster of Paris. 

16 small screws, 2 screw-eyes, Brunswick black, vase- 
line, seccotine. 


Procedure. 

Put all the pieces in position as in the Figure ; be sure the 
mould is firmly wedged. 

Vaseline the blocks A and B where not touching the glass. A 
thin smear of seccotine on the lower surface of each will help to 
prevent them from shifting on the glass. 

When all is ready ^ mix the plaster of Paris ; put a little cold 
water into an old enamel bowl and add the dry powder, a little at 
a time, stirring with a stick until the plaster is quite smooth and 
of the consistency of a thick cream. Pour quickly into the mould, 
steadying the blocks at first if neces.sary to prevent shifting. Fill 
the mould a little above the top of the wooden strips ; after a 
minute, scrape off superfluous plaster with a straight piece of wood 
or metal {e.g. a ruler). 

Leave the plaster of Paris to set (this will take about 2 hours). 

Meanwhile paint the baking tin with Brunswick black and let 
it dry. When the plaster is firmly set, take out the wedges and pull 
away the wood and glass strips from round the plaster-cast, which 
now lies upside down on the glass sheet ; carefully loosen and 
invert it and remove the wooden blocks A and B. To do this it 
is usually necessary to screw in a screw-eye at each end of a block 
and pull it upwards out of the plaster. 

Finally^ stand the complete plaster-cast in the baking tin with 
cavities A and B uppermost and pour in more freshly mixed 
plaster of Paris, Ailing the space between the mould and the sides 
of the tin to a level not quite so high as that of the “ cast.” Now 
All the cavity B with water and put earth into cavity A, and the 
Terrarium is ready for the ants or whatever creatures you wish to 
keep in it. Cover with the heavy slab of glass. 
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Ahrcmts grossulariaiaj 260, 
Acarwpis woodi, 221, ^22 
Acari, 200, 220-21, 222 
Acilzus sulcatxts^\ 276-7, 296 
Acoiitia, 48 
Acridiidae^ 306-7, 308 
Actinia mesembrya'iithemum, 48, 54 
A ciinoloha diantfms, 53-4 
Actinozoa^ 45-51, 52-54 
Aculcata, 402-71 
Adcphaga^ 272-80, 296 
Aeschna*, 330-39, 341-2, 345 
A eschnidae, 341-2 
Agelena lahyrinthica, 214, 222 
Agelenidae, 214-16, 222 
Agrion, 339, 343, 345 
Agrionidae^, 342-4 
Agrotis^ 265, 268 
Alcyonaria^ 52 
Alcyonium, 52 
Alder-fly^’S 237, 353-4, 356 
“Alder-kitten,” 255 
Amaurohkur^ , 204, 222 
Ambulacral ring, 67 
Ammonites* 171-2 
AmmoiAiiki^ , 440, ^^7 
ximoeba, 5-10, 7.9, 22 
Amjjhvpjoda, 190-91, 198 
Ampulla*, 67, 68 
AnoMicC^' , 363, 364, 365 n. 

Anax, 342 
Ancylus^', 124, 

A ndrena, 425, 1^27, 429 
Andrenidae, 1^27 
Andricns^' , 481, If8J{. 

A nisoptera, 339-42 
Annelida, 4y 77-99, 176-7 


Anobium, 289, 297 
Anodonta cy(Jnea7\ 148-55, 159 
Anomma, 463 
Anopheles, 383, 399 
Anoplura, 311, 328 
A ntedon rosacea^', 74, 75, 76 
Antennae, of Ants, 455-6 ; of Artli- 
ropoda, 175 ; of Bees*, 403-4, 
420; of Crustacea*, 178,183, 193, 
194 ; of Insects, 229, 233 ; of 
Lepidoptera* 239, 240, 252 ; of 
Wasps, 436 

Anlennularia, 31-32, 51 
A n therea papliia, 253 
Anihonomus pomorum^ , 293, 297 
Anihophila, Iflfl 
Anthozoa, 45-51, 52-4 
Ant-lions, 237 

Aiits, 237, 251, 319, 443-71, 498-9 

— Amazon or Russet, 457, 461, 4^9 

— Black Garden, 319, 463, 469 

— Blood-red, 282, 460-61, 4QS 

— Briver, 463, 465 

— Dusky or Ashy-black, 460, 461, 

468 

— Harvesting, 461-3, 4 OO 

— Honey*, 463, 464, 409 

— Jet-black, 409 

— Leaf-cutting*, 466-8, 4 OO 

— Slave-making, 457, 460-61, 4 O 8 , 

469 

— Wood, or Red Horse, 446, 448, 

460, 468, 471 

— Yellow Meadow, 444-54, 455, 458, 

469-71 

xinurida mariiima, 237 
Anus, 66 
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A'pmiteUs {Microgaster') glomemhts^\ 
248, 487, 4SS 
AphaniiHera, 398, 399 
Aphidae, 318-26, 32S 
Aphilotrix^j 481, 4^4 
Aphis*, 237, 251, 280, 281, 318-21, 
338, 329, 435, 452-3, 466 
Aphrodite, 89-90, 98 
Aphrophora spimaria*, 326-7, 828, 
329 

Apidae, 402-29, 441 ' 

Apis mellifica*, 402-21, 4^^i 428 
Aplecta, 123 
Appendiculata, 4 
Apterygota, 236 

Aquarium, freshwater, 130-31 ; marine, 
52-54 ; aeration of, 490-92 
Arachnida, 177, 200-24 
Aranecte, 200-19, 331-2 
Arctia caia, 257, 367 
Arctiidac, 257, 367 
Arenicola, 90, 

Argas, 221, 223 
Argonaut* 161, 164-5, 173 
Argynnis, 251, 267 
Argyroneta aquatica*, 215-16, 333 
Arioii*, 136, 141-3, 145 
Aristotle’s lantern* 70-71 
Ariimdillidmm milgare, 192, 198 
Aromia moschata, 295, 397 
Arthropoda, 3, 173-489 ' 

Ascaris lumhricoides, 103, 109 
Asellus* 191, 198 
Asterias* 63-8, 75 
Asteroidea, 63-8, 75 
Atevieles*, 459 

Athalia spincmvm, 474, 4^^ • 

Atta, 462, 463, 466-8, 469 
Attacus, 253 
Attidae, 218, 323 
Atypus, 202 

Aulosioimim (Haemopsis) gulo, 96, 
98, 99 

Aurelia*, 37-41, 44-5, 51 
Amculariidae, 218, 233 
Avimlidae, 160 
Avicularium*, 105 

Balanoglossus, 75, 97-8 
Balamts*, 1^6-7, 198 
Bark-lice* 321-6, 338, 329 
Barnacle, Acorn* 195-7, 198 
— Goose, 197, 198 
BasoinviaiojAiora, 112-24, I 44 


Beclcia, 458 

Bees, 337, 402-29, 44 O 

— Burrowing, 425, 429 

— Honey* 402-21, 437, 428 

— Humble* 372, 421-4, 437, 428 

— Leaf-cutting* 425-6, 427, 438 

— Mason, 427, 4^^ 

— Moss-carding, 424, 4^’^ 

— Social, 402-24, ^^£;7, 428-9 

— Solitary, 425-9 

— Stingless, of S. America, 416 
Beetles, 237, 271-98, 458, 459, 496 

— Asparagus, 296, 397 

— Bark, 294-5, 297 

— Bombardier, 280, 396 

— Burying, or Sexton, 282, 296, 298 

— Carnivorous Water*, 120, 272-6, 

396, 297 

— Carrion, 282-3, 396 

— Cock-tail, or “Devil’s Coach- 

horse”*, 84, 281-2, 296 

— “Death-watch,” 289, 397 

— Dor* 291-2, 297, 298, 497 

— Furniture, 289, 397 

— Glow-worm*, 288-9, 297, 298 

— Ground, 279-80, 296 

— Lily, 296, 297 

— “Mud-dweller”*, 277, 396 

— Musk, 295, 397 

— Rove, 281-2, 396 

— Sacred Scarab, 292, 298 

— Screech, or Squeaker*, 277-8, 296 

— Silver Water* 271, 283-5, 396, 297 

— Skipjack, or Click*, 287-8, 396 

— Snout* 293-5, 297 

— Stag* 292, 397 

— Tiger* 278-9, 396 

— Whirligig, or Shiner*, 286-7, 396 
Belemnites* 168-9, 173 

Bell Animalcule* 13-17, 30, 22, 30 

Bevoe, 44, 52 

Biorhiza*, 481, 484 

Bithynia*, 126, I 45 

Blatta orientalis*, 300-302, 308 

Blattidae, 300-302, 308. 

Blight, Black, 321 
“Blood- worm,” 386-7 
Blow-fly* 236, 370, 399 
Bluebottle. See Blow-tly. 

Bodo*, 12, 30 
Bolboceros, 234 
Bomlics*, 421-4, 427, 428 
Bomhycidae, 252-3, 367 
Bomhyx mori, 252-3, 367 
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Bougcdnvilleci^, 32-5, 51 
Brachinus crepitans^ 280, ^96 
Bvachiopoda^ 4 ?i., 75 
Braclujcera, 367-77, 399 
Braconidae, 321, 487, JfSS 

Branchial basket, 334 
Branchioimla, 193-4, 198 
Bristle-tails, 236-7 
Brittle-stars^, 68-9, 75 
Brood-pouch, 154, 182, 191, 193-4 
Buccimtm^', 127-8, 145 
Bugs, 337, 310-29 
Bugulol', 105, 109 
Bulimus^, 139, 145 
Butterflies, 2-3, 337, 238-50, 367, 
268-70 

— Black-veined White, 2 

— Blue, 251, 367 

— Brimstone, 2, 249-50, 267 

— Cabbage White (Large)*, 2-3, 230, 

238, 240-49, 367, 268-9, 487 

— Cabbage White (Small), 2, 249 , 367 

— Copper, 251, 367 

— Hairstreak, 251, 367 

— Large Skipper*, 240 

— Orange Tip* 2, 249, 267 

— Painted Lady, 250, 267 

— Peacock* 250-51, W 

— Purple Emperor*, 240 

— Red Admiral, 250, 251, 367 

— Tortoise-shell, 250-51, 267 
Byssus*, 154, 155, 158 

Caddis-fly* 337, 357-65 
Cake Urchin, 72, 75 
Calamary* 165, 166-7, 172 
Calcar ca, 58, 61 
Calcarina^, 15, 19 
Oalliphora*, 370, 399 
Callow, 450 
Calopterygidac, 344-5 
Caloptcryx^, 339, 344-5 
Qampodea, 236 
Camponotides, 4^8-9 
Cancer, 184 
Candona, 195, 198 
Carabidac, 279-80, 296 
Carabus violacens, 279, 296 
Carapace, 178, 189, 198 
Carausius, 305, 308 
Carchesium*, 17-18, 20 
Carcimis*, 184, 187 
Cardiidae, 159, 160 
Carduim cdulc, 159, 160 


Caryophyllm siiiithix^, 48, 49, 52 
Cataxlysia Icninaia^, 260-61, 268 
Caterpillar, 239, 240-45, 248-9, 251. 
See also under various species 
of Butterflies and Moths. 

— “Surface,” 265 
Gecidoniyia*, 398, 399 
Cecidomyidae, 397-8, 399 

Cells, description of term, 6 ; 
specialisation of, 25-31 

— Adhesive, or glue, 44 
-- - Collar, 56-7, 60, 61 

— Bart, or Thread (Stinging), 26-7, 

38, 39, 45, 48 

— Digestive, 25, 26, 27-8, 31 

— Egg, 26, 29, 30, 34-5 

— Muscle fibre, 34 

— Nerve, 27, 34, 39, 83 

— of Butterfly’s wing, 247 

— Packing, 25, 26, 29 

— Skin (Ectoderm), 25, 26, 28, 34 
— ^ Sperm, 29-30 

Centipedes, 226-7 
Cephalopoda, 111, 161-72 
Cephalo-thorax, 200 
Ceramhycidae, 295, 397 
Ceratopogon^ , 391-2, 399, 400 
Cerceris, 440, 441 
Cerci, 236, 299, 302, 304, 330, 351 
Cercopidae^, 326-7, 328 
Gerianthus, 47 ‘ 

Gestoda, 102, 109 
Gestus Veneris, 52 
Chaetae*, 78, 79 
Glmetopoda, 77-95, 98 
Ghalicodoma, 127 , 428 
Ghalina ocxdaia, 56, 61 
Chalk rock, formation of, 10-12 
Chameleon-fly*, 374-6, 377, 399 
Chelae, 181 
Chelicera, 200-201 
Ghermes^, 321-6, 338, 329 
Ghilognatlia, 224-6, 227 
Ghilopoda, 226-7 
Ghironoinidae, 385-92, • 399 
Ghironoinus*, 385, 3S6-S, 399, 400 
Ghloroperla^ , 351 
Chlorophyll, 21, 28, 59 
Ghoanojiagellata, 61 
Chordata, 4 

Chordo-tonal organs, 455 
Chrysalis, 235, 245 
Ghrysaora, 12, 51 
Ghrysomelidac, 296, 297 
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Ghrysopal, 355-6 
QhTyso2:}hanuSj 267 
Qhrysop ides, 355-6 
Cicada, 237, 318, 327-8 
Cicadidae, 327-8 
Cicindela caviyjcsiris*, 278-9 
Cicindelidae, 278-9, 206 
Ciliata, 12-18, 19, 20 
Cilium, 12 
Qimex, 316 «., 32S 
Cirri, 74 

Cirripedia, 195-7, 19S 
Claspers, 241 

Qlathriiia hlanca, 57, 58, 61 
Clansilia, 139, 145 
Claasilium, 139 
Clavicornia, 280-87, 296 
Clavigcr iestaceid^, 458 
Qliona, 157, 61 
Clitellum* 78, 79, 84 
Qoccidae, 327, 32S 
Coccinclla hi-punctat(C\ 281 
Coccincllidac, 280-81, 296 
Cockchafer, 290-91, 297 
Cockle, Edible, 159, 160 

— Orb-shell* 156, 159 

— Pea-shell, 156, 159 
Cockroach* 231, 237, 300-302, 308-9 
Qoelenterata, 23-54 

Coelom, 63, 67, 77^ 100, 103, 105, 
• 108, 111, 175, 177 
Coleoptera, 237, 271-98 
Collar, of Snail, 115, 133 
Collcmhola, 237 
Columella* 113-4, 138 
Comb-jellies* 43-44, 51-52 
Commensalism, 189 n. 

Conjugation, 16-17 
“Contact-odour” sense of ants, 456 
Qopepoda, 194, 19S 
Corallines*, 104-7, 10^ 

Corallium riibrunY, 5' 

Corals, 48-51, 52 

— Common Red* f , d2 

— Devon Cup* 48, 52 

CorduUgaster, 342 
Cordylophora, 35, 51 

Corethm %olumicornis^' , 383-5, 399, 
400 

OorixcY, 315, 32S 
ilosmoiTiclie g^otaioria, 266, 2GS 
Cossidae, 258-9, 267 
Oossus lignigjerda, 238, 258-9, 267 
Cotton Spinner, 73, 75 


Cowr3% Common* 127, 131, 145 

Coxa*, 230 

Crahro, 440, 441 

Crabs, 174, 176, 184-9, 19S, 199 

— Common Shore*, 184, 187 

— Edible, 184 

~ Hermit* 187-9, 198, 199 

— Spider, 185-6 

— Swimming*, 184, 185 
Crane-fly* 237, 395-7, 399, 400 
Qmngon vulgaris, 181, 183 
Crayfish, 174, 181, 183 

“ Creepers,” 351-2 
Cremaster, 250 
Cribellum*, 204 
Crickets, 237, 307-8 

— Water, 317, 328 

' Crinoidea, 73-75, 76 
Crioceris, 296, 297 
Cristatella muccdd^', 105, 106, 109, 110 
Crustacea, 176, 177-99 
Ctenophora, 43-44, 51-52 
Cuckoo-spit, 326 
Oucwnaria lacteal, 72, 75 
Culcx gdpieiiY^, 378-83, 399 
Oidicidae, 378-85, 399 
Curcidionidac, 293, 297 
Gursoria, 300-305, 308 
Cushion feet*, 241 
“Cutworms,” 265, 279 
Cuticle, 14, 15 
Cuttle-bone, 165, 166, 169 
Cuttle-fish* 161, 165-6, 172 
Cyclops*, 194, 198, 199 
Gynipidae, 402, 475-87, 488 
Qynips hollar i* , 476, 477, 479, 488 
CygmtciY, 127, 145 
Cy 2 :>ris*, 194-5, 198, 199 
Cyst, 9, 17, 155 

Daddy-long-legs*, 395-7, 399, 400 
Dagdinia, 193-4, 198, 199 
Dart-sac, 137 . • 

Dasycliira gnidihunda, 262, 268 
Da^ygastrcs, 425-7, 427-8 
Decapoda^Cephalopodal), 161, 165-9, 
172 

— {Grusiaceal), 178-89, 198 
Demodex, 221 , 222 
“Demoiselles,” 344 
Demospongiae, 58, 61 
Dermaptera, 237, 299 n. 

“Devil’s Darning Needle,” 332 
Diatoms, 60 
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Di-hranchiaia.1 162-9, 172 
Dior amir a vinula^ 255, 267 
Dictynidae, 222 
Diploptera, 441 
Diptera, 237, 366-400 
Distomum hepaiicum, 102, 100 
Donacia, 296, ‘407 
Dorylus {Anommci) arcens, 463, 465 
Dragon-fly* 232, 237, 330-46 
Drassidac, 218, 222 
Drassus lajndosus^', 219, 222 
Drone-fly* 372-4, 376, 399 
Dryophanta^, 4S4 
“ Diimble-dors," 291-2 
Dyticus marginalis^, 120, 272-6, 
296, 297 

Dytiscidae, 272-7, 296 

Earwig* 237, 303-5, SOS, 'dOd 
Ecclysis, 174, 182-3 
Kchinasicr'^', 66 

llchinocardium cordatum^', 71-72, 75 
IJchinocyamus pusilliis, 72, 75 
EckinocUrmaia, 4, 63-76 
Echinoidea, 69-72, 75 
Echmas*, 69-71, 75 
Ectoderm (skin cells)*, 25, 26, 28, 
34, 56, 60 

Elaieridae, 287-8, 296 
Elytra, 271 
Enallayma, 343 

Eudoderm (digestive cells)*, 25, 26, 
27-28, 31, 57, 60 
Endopterygota, 237 
Ensis, 159, 160 
Entomostraca, 192-7, 19S 
EptiviC^, 201-13, 221 
Epciridac, 213, 221 
Ephem&ra^, 347-52 
Ephmitridae,, 347 n. 

Eplicmeroptcra, 237, 347-50 
Ephydaiia {Sp)ongilla)Jluviatilis, 59, 
61 

Ephyra* 40, 41 
Epigyne, 205 

Bpipliragin, 133, 136-7, 140 
Erigoninae, 219, 222 
Eriogdiyes*, 220, 222 
Eriojdiyidae, 220-21, 222 
Eristalis tenax^, 372-4, 376, 399 
Euchloe cardamines^', 2, 249, 267 
Eumenes'^', 438, 441 
Euwenldae, 402, 438-9, 441 
Euplectella aspergilhim, 58, 61 


Exopicrygota, 237 

Exo-skeleton, 174, 175, 178, 182-3, 
187 

Eyes, in Crustacea, 178, 189, 198 ; 
in insects* 231-3 ; in snail*, 13^1, 
138 ; in spiders, 200 
Eye-spots* 34, 39, 67, 101, 108 

Feather- star* 73-74, 75, 76 
Femur*, 230 

Fertilisation, meaning of term, 29 
Firefly, 289 
Flagellata, 12, 19, 20 
Fleas, 398, 399 

— Water, 193-4, 19S, 199 

Flies, 237, 366-400. See also Alder- 
fly, Blow-fly, etc. 

Floscularia^, 108, 109 
Flusirafoliacea*', 104-5, 109, 110 
Flustrclla hispida, 105, 109, 110 
Foramen, 19 

Foraviinifcra, 10-12, 19, 22 
Forceps, how to make*, 494 
Forficnla auricularial, 303-6, SOS 
■ Foi'fwulidac^', 303-5, 308 
Formica*, 452, 457, 460, 461, 468 
Forrnicarium*, 469-71, 498-9 
Formicidae, 402, 443-71 
Fossores, 439-40, 441 
Fritillaries, 251, 267 
Frog-hopper*, 237, 326-7, 32S, 329 
Frog-spit, 326 
Funicle*, 105, 106 
Fusus antiquus, 140, 145 

Gall-flies, 237, 475-87, 488-9 
Gall-gnats. See Gall-midges 
Gall -midges, 397-8, 399 
Gall-mites, 220-21, 224 

Galls, 321-3- '*"-8, 474, 475-87 

— Artichoio-j ^op*, 481, 484 

— Autumn'^j 321 » 

— Bean*, 

— Bedeguar*, •i,' 79-80 

— Blister* 483, I'So 

— Cherry*, 484, 485 

— Currant* 481, 483, 489 

— Hairy Catkin* 481, 484 

— Kidney*, 484, 485 

— Knot, 484 

— Marble^, 476, 479, 489 

— Oak Apple*, 481, 484 

— Oyster, 483 

— Pea*, 474, 477, 483, 484 
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Galls, continued — 

— Pink Wax* 484, 485 

— Purple Velvet Bud*, 484, 485 

— Red Wart, 484 

— Root* 481, 484 

— Sclienck’s* 483, 485 

— Spangle* 475*6, 480-3, 489 

— Truffle, 484 

— Woolly or Cotton, 484 
Gall- wasps*. See Gall-flies 
Gamasus, 291 

Gametes,' 16-17, 30, 60 
Gammarus^j 190, 7^15 
Garden-Slater. See Slater 
Gaster of Hymenoptera, 401 
Gasirojooday 111, 112-46 
Gemmule, 59-60, 62 
“ Gentles ”*, 370 
GcomeiridaCi 259-60, 267 
Geojohilus'^, 225, 227 
Gcotnq-ies*', 291-2, P.97, 497 
Gerris*, 310, 316-7, S2S 
Gills, of bristle-w'orms*, 89, 95, 98 ; 
of Crustacea*, 176, 177, 181-2, 
191, 198 ; of mussel*, 152-3 ; of 
snails, 124-9, 145 ; tracheal*, 
235, 361 

Gizzard, of prawm, 183 ; of worm, 
81 

Globigerind^i 10, 19 
Glochidium stage of mussel* 154-5, 
160 

Glossina morsitans, 370, 399 
Glow-worm* 288-9, 297, 298 
Gnats, 2S7, 378-83, 399 

— Buffalo-, 392-5, 399 

— Common Grey, 378-83, 399, 400 

— Gall-, 397-8 399 

— Spotted, 383, 399 

— Water, 317, 328 
Gomgphoceriis, 306, 308 
Gonejpteryx rluimni, 249-50, 267 
Grantia compressor*', 55, 56, 58, 61 
Graptolites, 75 

Grasshopper* 237, 306-7, 308, 309 
Green-fly* 237, 251, 280, 281, 318- 
321, 328, 329, 435, 452-3 
“Grey drakes,” 348 
Gryllidae, 307-8 
Grylloialpor mdgaris, 308 
Gryllus doinesticus, 308 
Gyrinidae, 286-7, 296 
Gyrinus natator*, 286-7 
Gyroceras, \7\, 172 


Hadena pisi, 487 

JIaemopsis { = Aulostomum) gxdo*, 
96, 98, 99 

JLalichondria paniceoA , 56, 61 
lialteres, 366 

Harlequin-fly*, 385, 386-8, 399, 400 
Harvest-bugs, 221, 222 
Harvesters, or Harvestmen, 219-20 
224 

Heart Urchin*, 71-2, 75 
Hearts, of worm, 82 
Hectocotylus, 165 
Helicidae, 132-43, 145 
Helix*, 102, 132-40, U5 
Hemiptera, 237, 310-29 
Henricm, 64 

Hermaphrodite, 30, 47, 83, 101, 106, 
115, 119, 132, 137, 144-5, 157, 
197 

Hessian fly, 398, 399 
Heterocera, 252-70 
llelerogyna, 468-9 
Heieromita*, 12, 20 
Heteroptera, 237, 311-7, 328 
llexactinellida, 58, 61 
Hinge-teeth, 149 
JlipocritOr jacohaeae, 258, 267 
Uippospongia eguina, 56, 58-9, 61 
Jlirudinea, 77, 95-8, 99 
Jlirudo medicincdis, 96, 98 
Holophytic nutrition, 21, 28 
Holothuria nigra, 73, 75 
Holoihuroidea, 72-73, 75 
Jlolotriclia, 20 
Holozoic nutrition, 20 
Homoptera, 237, 311, 318-29 
Honey-dew, 318-9, 392, 452-3, 463 
“Hop-dog,” 262 
Hormiphorur phimosa, 43, 5^ 
Horn-bearing fly*, 391-2, 399, 400 
Hornet, 437 
Horn-tail, 474-5, 4^8 
House-fly* 237, 368-9, 376, 399 
Hover-fly* 366, 371-2, 376, 399 
‘•'Humpbacks,” 353-4 
llydatina*, 108, 109 
llydroA, 23-31, 35-6, 51 
Hydrachna, 221, 222 
TlydractiniOr, 189 

Hydrocainpor nymjdicaia, 261, 268 
Hydrocarnpidae, 260-61, 268 
Ilydroraetra*, 317, 328 
Hydrophilidox, 296 
Hydrophilus piceus*, 271, 283-5, 297 
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Ilydropsyche, 363 
Hydrozoa, 23-36, 51 
Hylesiims frao:ini*, 294-5, 297 
Jlylotoma rosae, 473-4, 4SS 
Ilymenopitra, 2S7, 401-89 
Hyphydrus ovatns^^ 277, 296 
Jlyponommia poxlelki^ 264, 26S 
Hypopliarynx, 379 

Ichneumon-flies*, 2S7y 248-9, 320-21, 
Jf02, 487, 4SS 

Ichnmmonidae, 492, 487, 4 SS 
Ilyhius^, 277, 296 
Imago, 235 
Imperforata, 19 
Infra-biiccal sac, 447, 453, 467 
Ink, 166, 479 
Ink-bag* 162, 166, 169 
Inqiiilines, 484-7, J^S 
Insccta, 3, 228-489 

Isle of Wight Disease, 221 
Lsopoda, 191-2, 198 
Ixodes, 221, 222 

Jaw feet* 180 
Jelly-fish* 37-45, 51 
JuUs^, 225-6, 227 

Katydids, 307 

Labium* 230-31 
Labruni, 230, 231 
Lacewing-fly* 227, 355-6 
Lady-birds, 280-81, 296, 298 
Lagcna*, IQ, 19 
Lamellicornia, 280, 290-92, 297 
Lamp-shells, 4 7i., 75 
Lamptyrides, 288-9, 297 . 

Lampyris noctihiccfl' , 288-9 
Land Slater. See Slater 
Larch Canker, 326 
Larvae, of Arthropoda, 176 ; of Crus- 
tacea, 182, 186; of Echinoderms, 
74-5; of insects, 228-9, 232, 233, 
234, 235-6 ; of mussel, 154-5, 
See also Caterpillar, and under 
various species of Insects, etc. 
Lcisiocampct cpLercus, 266, 268 
Lasiocampidae, 265-6, 268 
Laskis"^, 444-54, 455, 458, 463, 469- 
71 

Lasso-throwers, 23 

Leaf Insect, 237, 305, 308, 309 

“ Leather-jacket ” *, 396 


Leeches, 77, 95-7, 98, 99 

— Horse* 96, 98, 99 

— Medicinal, 96, 98 

— Small Pond* 97, 98 
Lepas, 197, 198 
Lcpidoytcra, 3, 237, 238-70 
Lcpisma saccharlna, 237 
Leptoplana ircmel laris'*', 100-101, 

109, 110 
Lestes*, 343-4. ' 

Lcthosia lurideola, 258, 267 
Libellula^, 339, 340-41 
Libellulidae, 339-41 
Ligula, 404 
lAmacidae, 143, 145 
Limax, 143, 145 
Limiiaea*, 102, 112-21, I 44 
Lwinaeidac, 112-24, 144 
Limnophilus'*^, 362, 363 
Limpets, freshwater, 124, 144 

— marine, 129-30, 131, 145 
Linens viarinus^, 102-3, 109 
Liparidae, 261-2, 268 
Lipura, 237 

Lithobius forfLcatns^\ 225, 227 
LiUorina\ 126-7, 131, 145 
Liver-flukes, 102, 109 
Liver-gland*, 65, 153 
Lobosa, 5-10, 19 
Lobster, 174, 183-4, 198 
Locust, 306-7 
Locusta viridissima*, 307 
Locustidao, 307, 308 
Lolujo^, 165, 166-7, 172 
Lomechusa, 282, 296, 459 
Loplwpus crysiallinuA*^, 106, 107, 
109, 110* 

Lopliyrus phvk\ 472-3, 438 
Louse, 311, 328 

— Water, 191, 198 

— Wood. See. Wood-lice. 

Lucanidac, 292, 297 
Lucanus ccrvus^, 292 
Lumbricus lerrcstris, 77-88, 98 
Lung-books, 204-5 
Lycacna, 251, 267 
Lycacnidae, 251, 267 
Lycosa*, 213, 216-18, 222, 223 
Lycosidae, 216-18, 222 
Lymantriidac, 261-2, 268 

Macrogamete, 16, 17, 30 
Macrotkylacia rtdii, 266, 268 
Madrepores*, -18-50, 52 
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Madrcporite^, 65, 68 
Mcdacosoma neusiria, 265-6, ^6S 
A/alacostraca, 178-92, 19S 
Mamestra, 265, 36S 
Mandibles, of Crustacea*, 179, 180 ; 
of insects, 2B0, 231 ; of spiders, 
201 

Maniidae, 305, SOS 
Mantis, SOS 

Mantle, of molluscs. 111, 115, 141, 
147, 151-2, 161 

Mar gar it if era vulgaris, 158, 160 
“Mask ” of dragon-fly*, 334-5 
Maxillae* 180, 230-31 
Maxillipedes*, 180 
May-fly* 232, 2S7, 347-50, 356 
‘ ‘ Mealy-bugs, ” 327 
Medulla*, 14 

Medusae*, 32-35, 39-41, 51 
Megachile, 425-6, 427, 4^S 
Megalopa larva of Crab*, 186, 188 
Meleagrina margaritifera, 151, 158 
Melicerta^',\0^, 109 ■ 

Mellinus ai'vensis, 440, 441 
Melolontha vtdgaris*, 290-91, S97 
Memhrani20ora, 105, 109, 110 
Mesentery*, 46, 52 
Mesogloea, 25, 33, 57, 60, 61 
Mesostoma ehrenbergii, 101-2, 109 
Messor, 462 
Metamorpliosis, 235-6 
Microganiete*, 16, 17, 30 
Microgaster^', 248, 487, 4S8 
Midges, 385-92, 399 

— Gall-, 397-8, 399 
Miliolina, 10, 19 
Millipedes*, 224-6, 227, 498 n. 
Mismicna vatuY, 219, 222 
Mites, 200, 220-21, 222, 291 
Molanna^', 362, 363 
Mollusca,^ 4, 111-72 
Molluscoidea, 4 n, 
xMosquito, 383, 399 

Moths, 3, 237, 238-9, 252-70 

— Banded Monk, 234 

— Buff Ermine, 258, 267 

— Buff Tip* 240, 253-5, 267 

— Burnet*, 240, 256-7, 267 

— Cabbage, 265, 26S 

— China Mark, 260-61, 26S 

— Cinnabar, 258, 267 

— Clothes, 263-4, 26S 

— Dot, 265, 26S 

— Drinker, 265, 26S 


Moths, continued — 

— Early Thorn, 260, 267 

— Emperor* 210 

— Footman, 258, 267 

— Fox, 266, 268 

— Goat, 238, 258-9, 267 

— Grass Egger* 240 

— Hawk* 239, 255-6, 267 

— Heart and Dart, 265, 268 

— Lackey, 265-6, 268 

— Leaf-miner, 264, 268 

— Leaf-rolling, 262-3, 268 

— Looper*, 259-60, 267 

— Magpie, 260, 267 

— Oak Egger, 234, 266, 268 

— Oak Miner* 264, 268 

— Owlet, 487 

— Prominent, 267 

— Puss* 255, 267 

— Silkworm, 252-3, 267 

— Small Ermine, 264, 268 

— Swallow-tailed*, 259-60, 267 

— Tiger, 257, 267 

— Tortrix* 263, 268 

— Turnip, 265, 268 

— Tussock, 261-2, 268 

— Vapourer* 261-2, 268 

— Wood Leopard, 238, 252, 259, 

267 

— Woollen* 263-4, 268 

— Yellow Underwing, 265, 268 
Mouth-parts, 178-9, 229, 230-31 
M^crex, 129, 145 

M^lsca domesticcY, 368-9, 399 
Muscidae, 367-70, 399 
Mussel, Chambered, or “Zebra,” 159, 
160 

— Pearl, 151, 156, 159 ’ 

— Sea* 158, 160 

— Swan*, 148-55, 159, 160 
Myriapoda, 177, 224-7 
Myrmecocystus^, 463, 464, 409 
Myrnvica rubra, 409 
Mymiicides, 469 
Mytilaspis pomoricnY, 327, 329 
Mytilidae, 160 

Mytilus edulis^', 158, 160 

Kassa retieulalcc , 128, 131, 145 
Nautilus, Paper, 164-5 

— Pearly, or Chambered*, 161, 162, 

169-71, 172 
Neerophorus, 282, 296 
Nematocysts* 26-27, 44, 45, 52 
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Ncmatoda, 103-4, 100 
Ncmatus^, 474, 4SS 
Xemcriinca, 102, 7(99, 110 
Ncmoccra, 367, 378-98, 309, 400 
Xcmoura, 352 

311-3, 315, 32S 
Ncjyhclis Vjulgaris^', 97, OS 
Nephridia, 77 

NcptlcuUi ruficajiUdlct^' , 264, 26S 
Nereis fucata, 189 
Nei’vures, 235, 247 
Neuroptera, 237, 347 n., 350 n., 

353-6, 357 n. 

Neuroicru^^, 475-6, 480, 481, 483 
Noctuiclae, 265, 268 
Node, 330, 343, 447, 468 
Noclosarid^, 10, 79 
Notoclontidae, 253-5, 267 
Nolommata werneckii, 108, 100 
NotonccicC'', 313-15, 32S 
Nucleus, 6, 8-9, 10, 12, 14, 16-17 
Njuupli, 236, 336, 348, 352 
Nymphedidae, 250-51, 267 

Ohelia, 32, 51 
Ocelli, 233 

Qeiopodla, 161, 162-5, 172 
Octopus* 161, 162-4, 172 
Ocypus olens^, 281-2, 296 
Odonata, 237, 330-46 
Odynerus^', 439, Jfl{.l 
Oecodoma, 469 
Oecop)hylla, 466, 4^0 
Oesophagus*, 46 
Olfactory pits, 39 
Oligochaeta, 77-88, OS 
Oniscus asell'us, 192, lOS 
Operculum, of sea-worms*, 94 ; of 
■ snails*, 124-5, 132, 133 
Ophiothrix fragilis'^ , 68-9, 75 
Op)hiuroidea, 68-9, 75 
Orgyia antigucti, 261-2, 26S 
Orthetrum, 341 
Orthoceras, 171, 172 
Orthoptcra, 237, 299-309 
Osculum*, 55, 56, 60 
Osmia, 426-7, 43 S 
Ossicles, 64 
Ostracoda, 194, lOS 
Ostrea edulis, 156-8, 160 
Ostreidae, 156-^, 160 
Ourapteryx samhucarial , 259-60, 

267 

Ovipositor, 205, 229 


Ovo-testis, 137 

Oyster, Edible. 156-8, 160 

— Pearl, 151, 158, 160 

Pachyura macnloscd, 395, 397, 300 
Pagoda stone, 171 
Pagurxts^', 187-9, 10 S 
PalaonoJi seri'atus*, 178-83, lOS 
Palps* 153, 230, 231 
Paludinal , 124-6, 145 
Paniscus, 487, 4SS 
Pctramocciuvxl, 13, 20, 22 
Parapodia*, 89, 91, 98 
Parasitica, 402, 472-89 
Parthenogenesis, 109, 194, 195, 199, 
305, 319-20, 321, 323-6, 408, 
415, 448, 479, 480, 483-4 
“ Paste eels,’* 104 
Patella*, 129-30, 131, 145 
Pearls, formation of, 150 
Pecten maximus, 159, 160 
Pcctinaria*, 91, 92, OS 
Pcctinidae, 159, 160 
Pedalion*, 108, 100 
Pedicel, 447 
Pedicellaria* 64-5, 70 
PedicuUis, 328 
Pedipalps*, 201, 202 
Pelagia, 38, 42, 51 
Pelecypoda, 111, 147-60 
Pelohiidae, 277-8, 206 
Pelohius tardus*, 277-8 
Pen* of Squid, 165, 166, 167 
Penis, 119, 137, 197 
Pcntacrinus, 73, 75 
Perforata, 19 
Pericardium, 111 
Peripatus capensis*, 176-7 
Peritricha, 20 

Periwinkle*, 126-7, 131, 145 
Per la*, 350-52 
Perlidae, 350 n. 

Petiole, 401 

Phalangidea, 219-20, 222 
Phalangium ojnlio*, 220, 222 
Phalera biccephala*, 253-5, 267 
Phantom - fly*, 232, 383-5, 390, 

400 

Phasmidae, 305, 308 
Phragmacone*, 168-9 
Phryganea*, 361, 362, 363 
Phyllium, 308 
Phylloceras*, 172 
Phyllodoce*, 89, 90, OS 
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Physa\ 123-4, lU 
Physidac^ 123-4, 144 
Phytojjliaga, 295-6, ^97, 488 
, Phytoptns, 220 
Pieridae, 2, 3, 240-50, 267 
Pieris*, 2-3, 230, 238, 240-49, 267, 
268-9 

Pinna, 159, 160 
Pisidium, 156, 159 
Planar ia lactca*, 101, 109, 110 
PlanorUs^, 118, 121-3, 135, I 44 
Plants and animals, unicellular, 
diflerences between, 20-21 
Planula, 39 
Plastron*, 71, 72 
Platyarthrus^\ 192, 198, 458 
Platyhelminihes, 4, 100-103, 109 
PUcopie.Ta, 237, 350-2 
Plectrocnemia, 363-4 
Pleurohrachia pilev^s, 43-44, 52 
Plumatella repens"^', 106-7, 109, 110 
Plumularia, 32, 51 
Podura aqiiaiica, 237 ’ 

Polisics^, 437 , 441 
Polychaeta, 89-95, 98-99 
Polycladida, 100-101, 109 
Polydesnius^, 224, 226, 227 
Polyergus, 457, 461, 469 
Polyp, Freshwater*, 23-31 
Polyzoa, 4 , 104-7, 109, 110 
Pomatoceros^, 94, 98-99 
PomNlidae, 402 , 439-40, 47^1 
Po-nypilns, 440, 44^ 

Pond Skater* 310, 316-17, 328 
“Poplar Kitten,” 255 
Porifera, 55-62 
Portimus'^, 184, 185 
“ Poulpe,” 162 
Praon*, 320, 321 

Prawn, Common*, 178-83, 198, 199 
Praying Insect, 305, 308 
Proboscis, of fly*, 366, 368; of gnat* 
379-80 ; of Hymenoi^tera* 401, 
404 ; of Lepidoptera*, 238-9, 
252; of ribbon-worms, 102, 103. 
See also Rostrum 
Pro-legs, 241, 472 
Pro-notum, 440 
Propolis, 409 

Prosohranchiata, 124-9, 145 
Protero-spongia, 61 
Proteus Animalcule, 5-10 
Protoplasm, 5-22 
Protozoa, 4 , 5-22, 60 


Pseudopodium*, 6, 7 
Pterostichus onadiclus, 280, 296 
Piinidcs, 289, 297 
Pidex irritans, 398, 399 
Pnlicidae, 398. 399 
Pulmonata, 112-24, 132-45 
Pulvimdind^, 10, 19 
Pupa cylindracea^' , 139, 145 
Pupal stage, 235-6. See also under 
various species of Insects 
Puparium, 370 
Pupidae, 139, 145 
Purpura, 128-9, 131, I 45 
Pyrameis, 250 
Pyrrhosoma, 343 

Radiolaria, 60 

Radiila* 117-8, 124, 127, 135, 143 
Ranatra^', 313, 328 
“Rat-tailed Maggot”*, 372, 373 
Razor Shell, 159, 160 
Rhahdocoelida, 101-2, 109 
Rhizostoma pulmo, 42-43, 51 
Rhodites rosae^, 477, 479-80 
Pliopalocera, 3, 239-51, 267 
Rhynchites hetulael, 293, 294, 297 
Rhyncophora, 293-5, 297 
Rhyncota, 310-29 
“Robin’s Cushion”^, 477, 479 
Rosechafer, 291 

Rostrum, of beetles, 293 ; of Beleni- 
nites, 169 ; of bugs, 310, 323 ; 
of Crustacea, 179 
Rotifera, 4 , 107-9, 110 

SaUllal, 92-94, 98-99 
Sagartia hellis, 54 
Sanatoria, 305-8 
Salticidae, 218, 222 
Salticus scenicus^, 218, 222 
Sand-fly*, 392-5, 399, 400 
Sand-hopper, 190-91 
Sarco2des, 221, 222 
SaturniidaG, 253 . 

Saw-flies*, 237, 402, 472-5, 488 
Scale Insects* 251, 318, 327, 328, 
329 

Scallop, 159, 160 
Scaphognathite*, 182 
Scaraha&idae, 290-92, 297 
Sclerenchyma*, 476 
Scolytidax, 294-5 
Scorpion, Stick, 313, 328 
— Water, 311-3, 328 
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Scyphistoma* 39-42, 51 

Scy2)liozoa, 37-43, 51 

Sea Anemones, 45-48, 52-54, 199 

— Common Beadlet, 48, 54 

— Daisy, 54 

— Plumose, 53, 54 

Sea Cucumber*, 72-73, 75 

Sea-eggs, 71 

Sea Firs* 31-32, 51 

Sea Gooseberry*, 43-44, 51-52 

Sea-grapes, 166 

Sea Lily* 73-74, 75 

Sea Mat*, 104-7, 109, 110 

Sea Mouse, 89-90, 9S 

Sea Snake* 102-3, 109 

Sea Urchin, 69-72, 75, 76 

Sea- water, artificial, 493 

Se^nd^, 165-6, 172 

Sepiola, 167, 172 

Septum*, 46-47 

Serimla*, 90, 93, 94, 98, 99 

Serricornia, 280, 287-9, 296-7 

SeHularia*, 31-32, 51 

Shells, formation of, 10-12 

Shrimp, Common, 181, 183, 199 

— Fresh-water* 190, 198, 199 
Sialidae, 353-4 

Sialis lutaria*, 353-4 
Silenia hilunaria, 260, 267 
Silkworm, 252-3, 267 
Siljjha, 282-3, 296 
Silphidae, 282-3, 296 
Silver-fish, 237 
Simocephal'nd*' , 193 
Simuliidae, 392-5, 299 

392-5, 299, 400 
Siphuncle, 168, 170, 171 
Sir ex gig as*, 474-5, 4^8 
Siricidae, 402, 474-5, 482 
Slater, Garden, 192, 198 

— Land, 191-2, 198 

— Water* 191, 198, 199 

— White* 192, 198, 458 
Slipper Animalcule* 12, 13, 20, 22 
Slugs, 111, 141-4, 145-6 

— Black*, 136, 141-3, 142 

— Carnivorous*, 143-4, 145, 146 

— Cellar, 143 

— Grey, 143, 145 

— Tree, 143 

Snails, 111 ; freshwater, 112-26, 130- 
131 ; marine, 126-9, 131 ; land, 
132-46 

— Almond Whelk, 140, 145 


Snails, continued — 

— Apple, or Koman*, 138, 140 

— Bladder*, 123-4, 144 

— Bog*, 120, 121 

— Chrysalis or Puppet*, 139, 145 

— Desert, 140 

— Door-shell, 139, 145 

— Dwarfed* 120, 121 

— Ear-shaped*, 120, 121 

— “Flat-coil”* 121-3, I44 

— Garden*, 132-40, I45 

— Greedy*, 139, I45 

— Grove or Brown-lipped, 138 

— Hooked, 124, I44 

— Pond (Common), 112-20, 144 

— Thread-spinning*, 123-4, I44 

— Trumpet*, 121-3, 144 

— Wandering*, 120, 121 

— White-lipped, 137-8 
Snake- flies, 353 
Snakestones, 172 
Sociales, 402-24, ^^7 
Solaster papposus*, 68, 75 
Solen, 159, 160 
Solenidae, 160 
Spatangns purpureus, 72, 75 
Spaihegaster*, 481, 483, 484 
Sphaeriidae, 156, 159 
Spliaerium*, 156, 159 
Sphegidae, 402, 439-40, 441 
Spliex, 440 n. , 441 
SpKingidae, 255-6, 261 
Sphinx ligusire*, 256, 207 
Spicules* 57, 58, 60, 62 
Spiders, 200-219, 221-2 

— Cobweb-weavers, 214-6, 222 

— Common Cross* 201-13 221, 

222-3 

— Crab, 219, 222 

— Cribellate, 222 

— Drassid, 218, 222 

— House* 202, 214, 222 

— Jumping, 218, 222 

— Labyrinth- weaver, 214, 222, 223 

— Line- weavers, 213-4, 222 

— Money-spinners, 219, 222 

— Orb-weavers, 213, 221 

— Raft, 217-8, 222 

— Trap-door, 218, 222 

— Water* 215-6, 222, 224 

— Wolf, or Running* 216-8, 222 

— Zebra* 218, 222 
Spigot, 203-4 

Sgnlosoma luhricipeda, 258, 267 ^ 
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Spinnerets, of caterpillar, 242 ; of 
spider, 200, 203-4, 20G-7 ; of 
water-beetle, 284 
Spiracles, 234-5 
Spirorhis^^ 94, 95, 98 
8piruW', 165, 167-8, 

Splay-footed lly* 389-91, 399^ 400 
Sponges, 55-62, 75, 157, 189 

— Ascon* 56-57 

— IBath, 56, 58-59, 61 

— Bread-crumb*, 56, 61 

— Pond, 59, 61 

— Purse*, 55, 56, 61 

— Kiver, 59, 61 

— Sycon*, 57-58, 61 
— - Turkey Cup, 59, 61 

— Venus’ Flower-basket, 58, 61 

— White Lattice, 57, 61 
Spongia oJjiGinalis^ 59, 61 
Sp)ongilla^ 59, 61 

Spool, 203-4, 208 
Spores, 17 

Springing Monad, 12, 20 
Spring-tails, 237, 458 
Squama, 366 

Squid*, 161, 165, 166-7, 173 
Stctphylinidae, 281-2, 296 
Starfish*, 63-8, 75, 76 
Statoblasts, 105 
Stenohothrus^ 306, 308 
Stenop)hylaY^ j 362, 363 
Stentor, 9 n. 

Steplianoceros*^ 108, 109 
Stick Insect, 237^ 305, 308, 309 

Water, 313, 328 

Stick Scorpion, 313, 328 ; 

Stigmata, 204 
Stone canal, 68 
Stone-fly*, 237, 350-52, 356 
Strangelia armata, 295, 297 
Stratiomyidae, 374-6, 399 
Stratiomys chamaeloiY, 374-6, 377, 
399 

Stridulation, organ of, 306 
Strigil, 447 
Strobila* 40, 41 
Stylommaiog^hora, 132-44, lJf5 
Subterrariuin*, 227, 309, 495-7 
Sun-star*, 68, 7o 
Swimmerets*, 180, 181 
Sycon ciliatum, 58, 61 
Symbiosis, 28 
Symgjetrn^m, 340, 341 
Sijnapta inhaerens, 73, 75 


Syrphidac, 371-4, 399 
SyrpJms*, 366, 371-2, 376, 399 

Taclmm, 260 
Taenia solium, 102, 109 
Tanygms^, 389-91, 399, 400 
Tarantula, 218 
Tarsus*, 202, 230 

Tegenaria dorneslica*, 202, 214. 

Tegmina, 304 
Tegula, 430 
Telson, 179 
Tentaculocysts, 39 
Tenthredinidac, ^02, 472-5, J^88 
Teras terminalis^, 481, 484 
Terehclla^\ 90-92, 98-99 
Terrarium. See Subterrarium. 
TestacellcY, 84, 143-4, 145, 146 
Tcstacellidae, 143-4, 145 
Tetrahranchiata, 169-72 
Teitix, 306, 308 
Tcxtidaria^, 10, 19 
Theridiidae, 213-4, 222 
Therklion pallens^', 214, 222 
“Thirty-legs,” 227 
Thoinasidae, 219, 222 
Tliora.x, 229 ; in Ilymenoptera, 401 
Thysannra, 236-7 
Tibia* 230 
Ticks, 221, 222 
TiimY, 263-4, 268 
Tineidae, 263-4, 268 
Tipula"^, 395-7, 399, 400 
Tqmlidae, 395-7, 399 
“Toe-nippers,” 274 
Tortricidae, 262-3, 268 
Tortrix viridana/^, 263, 268 
Tracheae*, 176, 205, 234-5 
Tracheal gills, 235, 361 
Tremaioda, 102, 109 
Triaenodes^'', 362, 363 
Trichina spiralis, 103, 109 
Trichiosoma hetulciil', 474, 4^3 
Trichoptera, 237, 357-65 
Tricladida, 101, 109 
Tricophaga tapctzella, 263, 268 
Trigger-hair*, 27 
Trigonaspis crustalis*', 484 
Trilobites, 75 

Triyhoena pronnha, 265, 268 
Trochanter*, 230 
Tromhiciila, 221, 222 
Tsetse-fly, 370, 399 
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Tube-feet, G3, 64, 65-66, 67-68, 69, 
71, 72, 73 
Tuhicolae^ 90 
Tuhifex rimdormi^ 87, 9S 
d^iih^joray 62 

Turhcllaria, 100-102, 109, 110 
Tyroglyphus^ 221, 222 

Umbiliciis^-^, 113-4, 138 
Umbo, 148-9 

JJnio margaritifera, 151, 156, 159 
Unionidae, 148-56, 159 

A^acuoles, 6, 7, 15, 21 
Vancssct;^ 247, 250-51, 2G7 
Velicd, 317, 32S 
Velum, 34, 35, 39 
Venus’ Flower-basket, 58, 61 

— Girdle, 44, 52 
Vermes, 77 

Vertebrates, If, 75, 97-8 
Vertigo, 139, U5 
Vespa*, 430-37, 441-2 
Vespidae, 402, 430-37, 44^ 

“ Vinegar eels,” 104 
Volucella, 372, 399 
Vorticella*, 13-17, 20, 22, 30 

Wasps, 237, 372, 430-42 

— Common, 430-37, 441-2 

— “ Cuckoo,” 437 

— Digging, 439-40, 47^1 

— Gall. See Gall-flies 

— Ichneumon. See Ichneumon-flies 

— Red, 437 

— Running, 440, 47^1 

— Sand*, 440, 

— Social, 430-37, ^^7 

— Solitary, 438-41, 442 

— Tree* 432 

— Wall* 439 

— Wood* 402, 474-5, 4SS 
Water Boatman*, 313-5, 32S 

— Cricket*, 317, 328 

— Flea*, 193-4, 198, 199 

— Gnat or Measurer* 317, 328 

— Louse*, 191, 198, 199 

— Scorpion*, 311-3, 315, 328 

— Slater. See Water Louse 


Water Stick Insect*, 313, 328 

“Water Tiger,” 275 

Water- vascular system, 63, 67-68 

Weevils, 293, 297 

Wheel Animalcules, 107-9, 110 

Whelk, Almond, 140, I7f5 

— Common*, 114, 127-8, 17f5 

— Dog*, 128, 131, 145 
White Slater*. See Slater 
Willow-fly, 352 

Winkles, 125-6, 17^5. See also Peri- 
winkle 

— Dog, 129, 131, 145 
Wireworms*, 288 

“ False ” * 226 

Wood-lice, 191-2, 198, 199, 498 n. 
Wood-wasp*, 402, 474-5, 488 
“ Woolly bear,” 257 
Worms, 77-104, 109, 110 

— “Bladder,” 102 

— Bristle, 77-95, 98-9, 189 

— Comb* 91, 92, 98 

— Earth* 77-88, 95, 98 

— Flat, 77, 100-103, 109, 110 

— Lob, or Lug, 90, 98 

— Mason* 90-92, 98 

— Paddle* 89, 90, 98 

— Ribbon, 77, 102, 109 

— Ringed, 77-99 

— River, 87, 98 

— Round, or Thread, 77, 103-4, 109, 

110 

— Tape, 102, 109 

— “Whirl”*, 100-102, 109 . 

“Yellow Sally,” 351 
Zepihyrus, 267 

Zenzerra pyrina, 238, 252, 259, 267 

Zoochlorella, 28 

Zooea larvae, 182, 186, 188 

Zooecium*, 104, 105, 106 

Zooid, 16, 17-18 

Zoophytes, 23, 51, 104 

Zoothaiimium, 20 

Zygaena fdipendulae^ , 256-7, 267 

Zygaenidae, 256-7, 267 

Zygoptera, 339, 342-5 
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